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' STATUS AND TRENDS OF WILD PLANT SPECIES 


INTRONUCTION 


Nearly half a century ago, Aldo Leopold told the story of the Silphium 
Plant. He wrote of how every July he had watched a country graveyard in 
Wisconsin. In the graveyard was a small patch of prairie, a tiny remnant 


of the landscape when the graveyard was established in the 1340s. 


"Hitherto unreachable by scythe or mowers, tnis yard-square relic of 
Original Wisccnsin gives birth, each July, to a man-high stalk of compass 
plant or cutleaf Silphium, spangled with saucer-shaped yellow plooms 
resembling sunflowers. It is the sole remnant of this plant along the 
highway, and perhaps the role remnant in the western half of our county 


This year I found tne Silphium in bloom on 24 July, a week later than 
usual; during the last six years the average date was 15 July. When I 
passed the graveyard again on 3 August, tne fence had been removed by a 
road crew, and the Silphium cut. It is easy now to predict tne future; 
for a few years my Silpnium will try in vain to rise above the mowing 
machine, and then it will die’. 
This simple and clear example of how plants decline is typical of tne 
inexorable, possibly accelerating, decline of plant diversity all over the 
earth except in those few diminisning areas of true wilderness. Some 
floras may be in greater danger than others, such as the floras of rain 
forests, islands, Mediterranean ecosystem and deserts, but tnere are few 


floras which are not in peril to some degree. 


Yet it is difficult, in a sense impossipnle, tc quantify this loss. Each 
case is an isolated event - the roadcrew mowing a country graveyard, tne 
peasant farmer cutting a little more forest for nis crops, tne nomad 


cutting down one more tree to cook his evening meal. It means that tne 


_ loss cannot be measured at one place and predicted at another; it is 


unlike, for example, changes in the atmospheric CO, content, whicn can be 


ys 
accurately quantified on the basis of relatively few measurements. All we 
know is that the loss is usually incremental, since in most areas tne 


vegetation won't regenerate. 


Plant conservationists face anotner major difficulty in trying to assess 
the scope of the problem: our knowledge of tne c. 250,000 piant species or 


the world is very uneven. A few plants, notably the main economic crops, 


are known in great detail, whereas most tropical species are only known 
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each from a handful of nerbarium specimens, some collected many years ayo. 
This enables the plants to be described, named and placed in tne scneme of 
classification, but is insufficient to assess their survival prospects and 


conservation needs. 


One reason for this imbalance is that about two thirds of the world's 
plants grow in the tropics - one third are in Latin America alone —- but 
most of the botanists live and work in the temperate realm. As a result, 
temperate floras tend to be well known but low in plant diversity. In 
contrast tropical floras, especially in South America, still resemble a 


botanical frontier with thousands, maybe even tens of thousands, of species 


waiting to be discovered. Yet this is where tne greatest losses of plant 


diversity are occuring. At the same time as scientists and decision-makers 
are coming to appreciate the significance of the biological-diversity 
issue, the science of plant classification - taxonomy - is at a lower epb 
than it has been since before Linnaeus, starved of funds, witnout proper 
training facilities and low in morale. The present condition of plant 
taxonomy is so critical to the conservation of plant diversity that it is 
the subject of a separate paper in this series by M.R. Crosby and P.H. 


Raven. 


In essence, then, we cannot measure tne decline in plant diversity 
directly. Rather we have to assess it indirectly, using such data as are 
available to extrapolate about trends and priorities for action. This 
paper outlines these methods and gives a very briet analysis of the results 


so far. From the conclusions drawn, recommendations are made for action. 


PLANT EXTINCTIONS IN THE PAST 


There has, it seems, been much less examination of extinction patterns in 


plants over geological time as compared to animals. Yet results of work by 


_A.H. Knoll at Harvard University snow some striking conclusions of great 


relevence to the conservation of biological diversity. The rest of this 
section is a very brief resumé of two of his recent papers - Knoll (1984) 


and Knoll (in press). 


Mass extinctions have been clearly demonstrated to punctuate tne 


evolutionary history of animals. There is, however, no evidence in the 


fossil record for similar global extinctions in plants. ‘fo expiain this, 
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« 
Knoll argues that the situation is fundamentally different for plants. 
Plants may be more vulnerable than animals to extinction as a result of 
competition from newly appearing taxa and as a result of climatic change. 
But plants may be relatively resistant to extinction following catastrophic 
mass mortality or gross environmental damage. The reason is simple: most 
plants will regenerate from underground portions, such as stocks, bulbs, 
rhizomes, and many can survive adverse times in the form of seeds. Thus a 
short-term event, while decimating plant populations, may not lead to 


extinction. The reproductive profligacy of plants ensures their survival. 


Knoll (1984) provides diagrams showing the number of vascular plant 
species, families and orders recorded per epoch in phanerozoic time (from 
quoted sources). At the species level, there is a steady increase, with 
only small dips in the Devonian and Triassic periods. It is important to 
note, however, that as the longevity of the plant species is generally 
shorter than the intervals of geological time, the graphs do not indicate 
general background extinctions, but presumably would show masa 

extinctions. For the dip in the Devonian, Knoll provides evidence for 
sequential replacement of one dominant group by anotner under tne force of 
competition. He ascribes the dip in the Permian and Triassic Periods to 
high latitude warming and to increasing aridity in equatorial continentas 
environments, combined with the rapid expansion of tne conifers in tne 
Permian. He suggests that global losses of slants at the 
Creataceous/Tertiary boundary were moderate and that the effect of the 
boundary events seem to have been minor, despite the strony evidence rrom 
geology and from the animal fossil record for the arrival of an asteroid at 
that time. 

The logical conclusion of this fascinating work is that, unlike animals, 
competition and to some extent climatic change have peen the main causes of 
plant extinctions until the era of man. There has been a steady accretion 
of plant civersity over geological time, with great bursts of evolution in 
the Carboniferous and Cretaceous Periods... Our generation is living throuyn 
- and is causing - the first mass extinction event in tne 4000 biliion year 


evolution of the plant kingdom. 


(I am indebted to Dr P.S. ASnton to drawing tnis work to my attention and 
to Dr Andrew Knoll for his kindness in Sharing nis research results, some 


still unpublished, witn me.) 
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3. METHODS OF ASSESSING PRESENT DECLINE IN PLANT DIVERSITY 


3.1 THREATENED SPECIES 


Following the work of zoologists, much of the early work in plant 
conservation focussed on trying to identify threatened species, perhaps 
too much. At first sight the concept of a ‘threatened species’ looks 
simple, obvious even: it is a specie that will become extinct ratner 
soon if nothing is done. And, it is argued, the first priority is’ to 
prevent extinctions, to preserve the building blocks from which 
ecosystems and habitats can be reconstructed. In hindsignt, botanical 
conservationists would have been more successful if they had been more 


orginal; only now are the key concepts and theories emerging. 


How do we define a ‘threatened species’? Many years ago, the Species 
Survival Commission of IUCN designed a set of criteria for defining tne 
degree of threat to species; these have stood the test of time and have 
been used in virtually every country except the United states, where ; 
terminology and criteria have followed the non-compatible definitions of 
Endangered and Threatened in the Endangered Species Act of 1973. The 
IUCN categories, termed the Red Data Book categories, are defined in 
Annex l; a booklet outlining their application witn examples is available 
from IUCN. 


Extinct and Endangered are obvious enough; in essence a Vulnerable 

species is one that is declining to the extent that it will become i 
Endangered if nothing is done. The Rare species is one that is presently 

so rare that it could be eliminated easily, but is presently under no 

immediate threat and its population is more or less staple. The 

Indeterminate species is one which falls into one of these categories but 


where it is not certain which one. The slightly misleading use of 


English in these categories, regretted by some, has in my opinion been 


more than compensated by the strong impact of the words themselves. 


In the discussions that follow the epithet “rare or threatened” is used 


for taxa falling into tne categories Extinct, Endangered, Vulnerable, 
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Rare, Or Indeterminate. It is important to note that a species termed 


en 


*rare or threatened” is not necessarily one on the brink of extinction, 


a 


and that the statistics of Extinct and Endangered species, with the 


st 
ca 


Jk oa tee ty Ae aie Apu 
: cae Pree ae : 


sa 


2] 


a a a “- 
Sy oD inde SPs 


tr Cyesem 


pea. 


a ~~ 


. . : Ss van 


7 
dnkiy at Doew Vises etd Yo Hote pe . 
cortd \toldedgs bensteoute ined od Bayes 5a Raat 

sa00, ‘“telowet feneteedtt’ 2 36 Syeonoe eas nase sel 

ed? fohizas nmoced Ifin 2047 »ekpege s at af snip ee 

J  terl) off? ,beupea 8B) 14 VP phere awed 

~isw soot aapold ontbbied ede evaeueae 62 hoversonesiler 

sipiadaia at | .betowssenodes ed ane mesa 

: need be ' 4k iuteesooun ore nacet oved Gita: tok 


on cians 22 230006: Wide ¢ 20d o> “wut ent Pr won ‘gam 


i 


i ope czesy ene $'ethomge Meckkigeme? + 

ye s 302 BiTBIIsD Io des ae ath “ONY Ge avieahaans, 
ais % 3 eff bor vad stnetT \e5 bp ot danas 403 

ew yy enune eve Ybeueaey RE tied a 
aiteh 0 n of? pewollck -oved eigegs2e bale 

an eres 5: esas sty onl sot GS “beleee ie See Gem 
+s pin .eekroee ‘ a te? etd Bowie ac 10858 re 

» ob es te aoie ot cliows sien) paiaitdgo iehiood's ie’ 


¢ 
a 


c 


uie¥Y 6 eoseors 4) otewoere spolvde Bak BeTepaNbad mais. 9% 
' ; ; tend daacee od ws gnini loeb a) Peae one ai < 
eicege etah ant 40cm ob gantdon 33 Ge 
ebony ‘ylinéses? toa’ yllees Sesenem@ile $2 bhuca St Sat? 
ect? ,.efaaesh zeas » =ten al vec wi nd jeosne 
»t4onedas eaens Yo see pred ebbed Belaw, one ol astovin Aad * Ie 
TS acy ontdselel® 7iiteliea ed? eee dodiiv S283 Jon el 32 
adtal ° 92 980 (Sehe yo betseness <eeigogedes anand e. w] 


.eovleameds sbteow edd Yo foahins ee aaa va hereenwyROD f 


au et *henesserne a6 eves* deritiae ete welted gaae mene. 

OLGAISALAY .DeIWRRAYET » SLI NS Bel Dope IER OME: wicedbaene i, © 

heeies -tosoeqe 6 Sads.ster Of Snadeequb ai-3] eh 

oo rionizas So sated aay o® wae, whiieuonta We: so 
nade. 


adz d3iw oo ne spasbad bua aunkong 


ia 
: : ; ae Se tp eer = FE a Se ane ee ee 


JO - 


possible addition of Vulnerable species, may be more indicative of 


rapidly degrading floras than those for "rare and tnreateneG" species. 


Our experience has been that the categories must be subjective, as our 
information about threats is itself subjective. Quantification usually 
results in unfounded value judgements being made, e.g- that a pretty 
flower is worth 3 “threat poiuts*, closeness to a hydrodam 2. The 
results are rarely much use for assigning priorities for action: common 


sense provides a better guide. 


How is a list of threatened plants prepared? In our view, there is only 
one way that works. First a desk researcher should make a list of ali 

' taxa occurring in the country other than those obviously common. The 
larger the flora, the more selective the search will have to be. For 
example, when preparing the European list in the 1970s, IUCN selected all 


single-country endemics, all border endemics, all species on nationas 
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threatened plant lists available then, and all wetland plants as they 
were likely to be both widespread and threatened. Then the researcher 
Must spend tine with tnese botanists who know the flora in the field, 
sometimes with a life-time's experience, to ask simply which species on 
the list are under threat and rare within the areas tney know. The 
information should be compiled and assembled under the auidance of a 
senior botanist experienced in the fiora concerned; he or she wil! spot 


obvious errors. 


* 
3.1.1 PRESENT KNOWLEDGE ON THREATENED PLANT SPECIES 


Sere at rere en Seedy 


There is now a very substantial amount of knowleage on threatened 
plants. It is mostly very recent: for example in 1970, only Belgium 
had produced a threatened plant list, only Ronald Melville was 
cataloguing threatened plants globally, and there was only a scattecing 
of papers on plant conservation. In retrospect, it is clear tnat 


significance of the global decline in plant habitats nad not beea 


appreciated. 
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* This section draws heavily on tne introduction to a fortncoming pcok 
“Plants in Danger: What do we know?" (Davis ct al., in press). The tables 


Yre taken from tne book, waicn gives references to figures guoted. 
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Today, in contrast, almost all countries of the developed world have 


produced Red Data Books listing their threatened plants (see Table 1). 
Por example, in Burope, all put five countries have produced Red Data 
Books or threatened plant lists, and those five, with the excepticn of 
Albania, are likely to produce something soon. In the United states, 
there is a mass of lists and reports covering both the nation and 
individual states: the situation is complex and rather untypical of 
other countries, but the profligacy of independent initiatives and 
activities gives perhaps a glimse of the situation in other countries 


in future; it is described in section 5, below: 


s TABLE 1 


Selected countries or regions of the "North" with Red Data Books 


Country/Region Soecies Rare & threatened Extinct Endangered 
Taxa Taxa axa 
Australia 25,000 1716 117 255 
Europe 11,300 1,927 20 117 
New Zealand , 2,000 186 4 42 
South Africa 23,000 2122 39 107 
U.S.S.R. 21,100 653 Ciz0 c 160 
U.S.A.2 20,000 2050 90 2 


1. Excludes European U.S.S.R, Azores, Canary Islands and Madeira 
2. Continental U.S.A. 


Among the countries of the ‘North’, there are still some that nave not 
’ yet produced such reports; the most prominent exceptions are shown in 
Table 2: 


TABLE 2 


Countries of the 'North' without national Red Data Books 
or threatened plant lists 


Country No. Species Notes 

Albania 3200 

Austria 3000 National list in prep.; many regional lists 
Canada 3200 Several regional reports listing species 


likely to pe rare, put without assessment 
of wnich are threatened. 


Iceland 500 Unpublished list of 44 threatened taxa. 
Israel 2300 

Italy 5000 Last national list in 1959, examples only. 
Japan 4000 ‘Very poor information at present. 

Portugal 2500 National list in prep.; various 
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In North America, 10-11% of the taxa have been listed. fhe figure is 
rather higher in Eureope, probably because of the combination of 
extensive threats to vegetation in the northern, industrialised 


countries, and the high degree of plant endemism in the southern 


Mediterranean countries. Coverage of the U.S.S.R. is patchy, despite a 


plethora of literature, and the emphasis is on threatened economic, 


specifically horticultural, plants. 


‘For the Southern Hemisphere, there is a list for South Africa, although 
heavily weighted to the Cape. A good list is available for Australia, 
now in its third version, though it is known to be incomplete for the 
fast disappearing Queensland rain forests and for the a eeraotdinerily 


diverse flora of Western Australia; botanists estimate that as many as 


7000 plant species await discovery in Australia, mainly in the western . 


region. In temperate Latin America, there is a list for Chile, but not 


yet for Argentina. 


Of all countries, the problem of threatened plants has perhaps ceen 
best documented in New Zealand, due to the efforts of Dr David Given. 
First to appear, in 1976, was a register ~ or list - of 314 taxa under 
consideration for threatened status (Given 1976a). Then, in 1976-1978, 
a set of loose-leaf sheets was issued; each sheet covered an individual 
species, with emphasis on the exact localities for each species and 
populations in each locality. This was not a public document, out 
designed to provide the practising conservationist with the information 
needed on the most critical threatened plants. Tnis was followed oy a 
popular, illustrated book on conservation of the New Zealand flora 
(Given 198la), an official Red Data Book, covering plants and animals 
(Williams and Given, 1981) and a paper describing the whole 


documentation process (Given, 1981p). 


Within these regions, the hignest percentages of rare and threatened 
species are from those areas with a mediterranean climate - the 
Mediterranean basin countries themselves, Western Australia, the Cape 
of South Africa and California. Raven (1976) estimates tnat tnese 
regions contain at least 25,000 plant species; a nigh percentaye of 
them, maybe as many as nalf, are narrow endemics, and it is tnese 


plants, mostly in the Rare or Endangered categories, that dominate tne 


“threatened plant lists for U.S.A., Europe, Australia and soutn Africa. 
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endemic floras. 


longer seen today. 


among genera and even families. 


of which species are at risk. 


degree of threat. 


“(3° 


TABLE 3 


In addition, tnreatened plant lists and Plant Red Data books have been 
prepared for many islands. For example, the Canary Islands are well 
covered by the list for Spain (Berreno et al., 1984), a Red Data Book 
for Mauritius, sponsored by IUCN/WWF, is in preparation and several 
lists have been prepared for the species-rich islands of Hawaii. 
Emphasis, however, has been more on listing the endemics and assigning 
threatened categories rather than preparing Red Data Booxs as such. 
Nevertheless they show convincingly the very high degree of species 


endangerment on islands, especially tropical islands. 


The most important islands for plant conservation are those with large 
Those with over 1000 endemics are Listed in Table 3. | 
Four of them - Madagascar, Hispaniola, Cuba and New Caledonia - are 
very ancient land masses, unlike most oceani¢c islands wnicn are of more 
recent geological origin.- These islands contain remarkable floras that 
are very distinct, often isolated niologically and relicts o£ <-loras no 
This is demonstrated by the nign rate of endemism 
In all of them the vegetation is 
acutely threatened, but only for Cubé and Hawaii are there assessments 
More detailed survey and assessment of 


the conservation status of these floras is an urgent world priority. 


Oceanic islands with over 1,000 endemic plant species 


Country Size of flora 
Madagascar 10 ,000-12,000 
Cuba 6,000-7,000 
Hispaniola 5,000 
New Caledonia 3,250 
Hawaii 2,600 


Hispaniola comprises tne nations of 


Endemics 
Spp. Around 80% 
Spp. 3,000-4,000 
8Ppp. 1,800 
spp. 2,474 
taxa ' Ge 90% 


Haiti and Dominican rRepuolic, 


Excludes Australia, New Zealand, Borneo, New Guinea. 


There ate, of course, many other islands with rich €loras, altnough 
none except the five listed apove have over 1UU0 endemics. Here, 
paradoxically, data are usually more complete. Some examples are given 
in Table 4, using the IUCN Red Data Boox Categories to define tne 


Tne following table (5) lists those islands with 


between 50 and 1000 enderiics for wnich no assessement of tna danran n& 
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TABLE 4 


Endemic vascular plant taxa from selected oceanic islands 


50-1009 endesics, over 75% of the flora assigned to categories 


Ex E Vv BR) Cord K At Total Rare or 
threatened 
Azores 1 - 5 18 6 ll 14 55 30 (55%) 
Canary Islands L  i26> . 11957 192 5 26 100 S69 383 (67%) 
Galapagos 9 16oes112 15 2 77 =6.229)—ss«1S0 (668) 
Juan Pernandez 1 52 32 9 1 17 6 118 95 (81%) 
Lord Howe Island - 2 10 ~°=—s 58 3 = 2 75 73 (978%) 
‘Madeira = 17 30 39 - 22 23.-, 131 8o (66%) 
Mauritius 19 65 35 39 14 69 39 280 8=6172 (618) 
Seychelles - 21 S5-e 45 2 17 - 90 73 (61%) 
Socotra 1 84 a7. 29 : er 81 215 132 (618) 


Similar data exist for Puerto Rico (234 endemics) out are not yet converted to 


IUCN criteria. 


Figures for Seychelles are for the Granitic Islands only, and 


so exclude Aldabra. 


TABLE S$ 


Islands with Significant endemic floras (50-1000 endemics) 


Notes: l. 
Zs 
35 
4. 


not yet assessed for species endangerment 


Island No. endemic taxa 
Jamaica c 910 

Taiwan c 900 1 

Sri Lanka e¢ 900 1 

Fiji c¢ 700 
Caroline Islands 293 2 
Trinidad and Tobago 215 1 
Ogasawara-Gunto isi ts 2 
Réunion . c 150 1 
Vanuatu ec 150 

Tubuai 140 or less 
Comoro Islands 136 4 
Bahamas 121 1 

Sao Tomé 108 
Marquesas Islands 103 1 

Samoa ? 100 or more3 
Cape Verde 92 

Mariana Islands 81 2 


Some pa.tial assessments of threatened species 
Omits monocoyledons 

Covered as American Samoa and Western Samoa 
Prom 2 cnecklist publisned in 1917 
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A number of trupical countries have prepared or are preparing 


threatened plant lists, despite the difficulties (see 3.1.2, below). 
Azong the most prozinent are: 


‘Brazil Listing project sponsored by IUCH,’SWP. 
India Several lists prepared, covering in total 
. Ce $00 threatened species. 
Nepal National Plant Red Data Book, funded by 
BWP-US e 
Pakistan - Identification of threatened plants is part 


of the WwP-Pakistan Plants Programme. 
Peninsular Malaysia Database on threatened plants being created 
by the Malayan Nature Society. 


In middle America (Hexico to Panama), an IUCN project has prepared a 
threatened plant list for the region, using where possible the 
floristic accounts prepared for the forthcoming Plora Mesoamericana. 
7622 eingle country endemics were identified. of these only 2467 are 
sufficiently well known for Red Data categories to be assigned. 
Overall 1620 species were identified as rare or threatened but tnis is 
undoubtedly a major underestimate. 


As outlined in Section 3.1.2, it is rarely possible to identify 
threatened species, especially in tropical forests, until it is too 
late. All the evidence, however, is that plant extinctions are nighest 
in precisely these areas. Latest PAO figures show tnat tropical closed 
forests amount to 56% of their potential extent and are being clear-cut 
at 1.1% each year. The reality is worse than these figures imply 
because the FAO figures only cover outright destruction. Large 


additional areas are being degraded by extraction of timber and other 


. products. Tragically, any destruction of primary lowland forests, at 


least in Asia, results in a loss of plant species diversity. (This is 


not always the case for fauna, especially mammals.) 


Some examples, too, show tne extent of the loss. The natural 
vegetation of Madagascar, lowland western Ecuador and the Atlantic 
forests of Brazil have been reduced to less than 10% of tneir extent 50 
years ago. Each may have had of the order of 5000 Species, many of 
which will now be extinct (Raven, in prep.). Comparing regional data 
on floristic richnesge and information on forest loss, leading potanist 


Peter Raven estimates that 60,000 plant species - a quarter of tne 
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world's total diversity - are at risk of extinction in the next 30-40 
e 

years. This estimate, although crude, was agreed as the best to 

follow by the IUCN/WWP Plant Advisory Group (November 1985) and is 


likely to be accepted by IUCN. This author believes it to be 
substancially correct. 


3.1.2 LIMITATIONS OP DATA ON THREATENED PLANT SPECIES 


The concept of a species threatened with extinction is a simple one, 
but it is proving very difficult to identify threatened species in many 


. Parts of the world. As outlined above, most threatened species 


recorded so far grow in =he ‘Nerth', whereas most of the world's plants 
are in the ‘South’, where the threats are also most acute too. Raven 
(1976) said, “Realistically we have no opportunity to determine with 
any degree of precision vsnich plants are rare or endangered in most of 
the tropics before the whole ecosystems in which they exist become 
depleted or even cease to exist". Why is this so? Because of a 
combination of the speed at which tropical habitats are being destroyed 
and the lack of knowledge about their content. Data on the loss of 
habitats is well documented elsewhere; below I outline some of tne 
botanical factors involved. 


1. Many plants have not yet been discovered and described by 
scientists. This certainly amounts to thousands, possibly tens of 
thousands, of species, the greatest proportion from Latin America. 


Every year thousands 2»f new plant species are described. 


This is only approximately comparable with the number of species tnat would 


fall into the IUCN Red Data i00k categories if all the data were 
available. The Red Data Categories, designed for a species py species 
approach, relate to threats coday, wnereas the Raven estimate relates to 


tnoreats that seem likely on present trends over the next 30-40 years. On 
the other hand, it is iikely that many, perhac3 most, of the predominantly 


mediterranean-climate species presently categorised as Rare will survive 
the next 30-40 years. These two factors prooably cancel each other out. 


If finance could be found, IJCN is keen to do a major project to estimate 
more precise extinction cates, country by country, and from tnis to prepare 
an enalysis of the plants at risk in vulneraple but as yet unquantifiable 


floras. (Estimated cost US$ 100,000 - 200,000.) 
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2. Even if discovered, the information on each species is so smail that 
it is not possible to assess chances of survival, Numerous tropical 


plants are only known from a handful of herbarium specimens, eften 
collected many years ago and frequently poorly documented. Whether 


sissnadines hus oe GIO SRL Eo MM ME 


the plant is comson, even dominant over a large range, or extremely ia - 
rare, is not known. 


3. There is great difgiculty of identifying tropical plants, especially 
in rain forests. To the amateur, the planta all lock go alike, yet 
10-ha of Malaysian jungle may contain over 700 different trees (P.S. 
Ashton, pers. comm.). The sheer difficulty of tropical botany is 


’ 
. 
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often forgotten; whereas in New England, a good amateur can easily 
identify virtually all he or she may see, few expert botanists can - 
identify more than a small fraction of a tropical forest flora,’ at 
least without reference to an herbariua. 


4. The distribution patterns of Many tropical plants. The rare species 


in regions of Mediterranean climate and on islands tend to se point 


endemics, that is plants only known from one small piace, be ita 
cliff or scree or mountain top. Here the threat to a site can be 
equated to the tnreat to a species. Build a ski resort on the 
mountain top or remove the cliff and the plant will disappear. But 
in the tropics, especially tropical rain forests, many plant species 


tend to have a very scattered distribution. The natural corollary 
of so many tree species in one l0-ha plot is tnat tnere can Only be 


one or a few individuals of eacn species within that area. So the 
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plants tend to be thinly scattered over a very extensive range. 


(Point endemism occurs too, especially in the most species-ricn 
areas, @€.g. coastal NW Borneo, SW Sri Lanka, Guyana Highlands, 
Colombian Andes.) If part of the forest is to be cut down, it is 
usually not possible to say which of the numerous widespread and 
scattered species would become extinct and wnich would not. 
Purthermore, Raven (i976€:, citing Elton (1975), points out tnat 
tropical plants appear to be overwhelmingly outbreeders, so that 


their reduction to small populations may cause tneir demise. 


This ig not always true. One exception is the Sinnaraja Forest in 


Sri Lanka. It is the only extensive remnant of lowland rain forest 


on the island, but has been reduced from 24,000 acres to under 
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14,000 acres in recent times. Yet it is the only locality for about 
half of the 800 or so plant species endemic, i.e. confined, to Sri 


Lanka. So very clearly, if the remaiaing forest is felled, about 
400 plant species will become extinct. 


Even if threatened species can be identified, what can governments 
in tropical under-developed countries do with the results? A set of 
reserves to cover the hundreds, in most cases thousands, of species 
involved is barely practical. Protecting each one by law is usually 
“equally futile. One answer is to concentrate on sites where 
diversity and/or endenism is greatest, and this is tne supject of 
section 3.3. . 
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3.2 STUDIES ON THE DECLINE OP ECONOMIC SPECIES t 
i 


Often the most detailed information on the decline of diversity in plants 
comes from data on economic plants. This is oftén virtually the only 
source of data on the decline of variation within a species. Economic 
Plants, too, tend to be over-harvested, which, combined with loss of 


habitat, leads to genetic erosion. 4 


Of course some of the c. 15,000 species identified as threatened 


worldwide are themselves species of economic value or of potential use of 


man. Examples include the Yeheb (Cordeauxia edulis), a critically 
endangered bush from tne drier Parts of Somalia and Ethiopia, wnose nuts 
used to be a major source of food in the past. Devastation of the 
habitat has removed this life-saving plant. Other examples among the 


crop relatives are the olive relative Olea laperrinei and the pomegranate 


relative Punica protopunica. 


Par tne best documented are orf course the status and trends of 
agricultural crops and their relatives, but even here the data are mainly 
circumstancial and anecdotal, according to the separate paper by C. 
Prescott-Allen in this series. A main conclusion of that paper is that 
there are no organized data sets sufficient to plan in situ conservation 
Programmes. This is equally valid for tne other, much more numerous 


economic species, to which it may pe added tnat at first signt data 


appear insufficient for planning ex situ conservation Programmes too. 
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A major problem is the lack of an accepted international list of economic 
plants as the basis for selective action. Although there are plenty of 
data on what individual plants can be used for - and most plants are good 
for something ~ it is more difficult to know which are the ones that 
really matter both for local economies and for world trade. Only the 
users of these plants can answer this question. ‘Some components of the 
list already exist, e.g. ethnebotanical plants from South America (see - 
below) and a list of priorities for forestry species compiled by FAO. To 
‘fill this gap, IUCN plan to prepare guch a list, using consultants from 
each of the major sectors (e.g. forestry, medicinal plants, forages, 
vegetables, pulses, fibre crops and so on.) The IUCN/WWF Plant Advisory 
Group, a panel of leading botanists, will play & major role in steering 
the project and defining the criteria to be adopted for inclusion in the 
list. It is anticipated that the resultant list will cover about 5000 + 
10,000 species. Punding of around US$ 100,900 - 200,000 is being sought. 


The list can then be used for selection of priorities, for assessment of 
genetic erosion and for planning an effective programme of in situ and ex 
situ conservation, following the more detailed work done on the 100 o¢ so 


major crops by PAO and IBPGR. 


It is clear in hindsight tnat boranical conservationists have been far 
too slow to give adequate weignt to economic plants. All too often, 
economic or useful plants have not been singled out for special 
attention. In this, plant conservationists nave missed perhaps tne most 
vital and easily justifiable part of their mission. Although efforts are 


now being made to correct this imbalance, far more needs to be done. 


However, it is not the subject of this paper to outline tne various types 
of other economic plants nor is their space to detail tne data available 
on the uses of plants. Below we briefly comment on the status of two 


gets of useful plants - forest trees and medicinal plants. 
3.2.1 PORESTRY TREES 
Despite the great importance of forestry worldwide, there is iio 


systematic analysis of loss of diversity in forest provenances, 


although there is an extensive literature of studies of individual 
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-2 - 
trees. The list of the 59 woody epecies in The IUCN Plant Red Pata 
Book has been widely used, but the species were only a selection from 
available data to illustrate the threats involved, and were not the 
most important ones. The PAO Porest Resources Division is preparing a 
Databook on Endangered forest Tree Species and Provenances, which it 
intends to publish in late 1985; the book contains sheets on 81 taxa, 
sone of which, like Diogpyros hemiteles, are Endangered as species, 
this one reduced to a single tree, and others, like Juniperus procera, 
certainly not threatened as species, but subject to genetic erosion in 
part of their ranges. The selection still shows signs of confusion 
between botanical lists of threatened species, and lists of important 
timber trees. Por its part, IUCN has offered to prepare a list of ail 
known threatened trees of the world for PAO, but this offer has not 
been accepted. 


Examples of commercial extinction in trees are hard to find, tnough the 
demise of true mahogany has been well documented (Knees and Gardner, 
1983). As Roche and Hamann (in prep.) point out, programmes for 
selection and breeding of tropical trees are virtually non-existent, . 
except in a few cases, yet it is certain that genetic resources of } 
useful timber trees in the wild are being continually eroded. Tnough 
little is known of the genetic resources of trees in the scientific 
world, local people are often extremely knowledgeable on the value and 
uses of the trees around them. This knowledge is for the most part 


untapped by conventional forest research, and is rapidly disappearing. 
3.2.2 MEDICINAL PLANTS 


A most acute failing is the lack of data on the decline of medicinal 
plants. We are told that 70-90% of rural populations in developing 
countries depend on traditional health remedies and that most of tnese 
involve medicinal plants, many collected from wild populations, For 
example, of the c. 2000 drugs used in the system of Ayurvedic medicine 
in India, some c. 1500 come from plants. Purthermore many 
prescriptions in developed countries were initially developed from 
plant materiale, now cultivated rather than collected from the wild, 
and other medicines, altnough synthesised, are based upon cnemical 


information discovered in plants. Por example, vinblastin from 
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Catharanthus roseus gives leukaemia sufferers a good chance of 
remission for the first time; gossypol from cotton, which is used to 
treat bronchitis in. Chinese folk medicine, may be a male 
contraceptive. (This paragraph mainly from Prescott-Allen, 1982; 
Myers, 1983). 
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New discoveries of medicinal plants tend to come from plants already 
used by tribal people. Therefore more emphasis need to be given to 
cataloguing the use of plants by tribal people before it is too late; 
here is a case where the knowledge is disappearing even faster than the 


plants. At present, M. Plotkin, under the aegis of IUCN and with 


Professor R.B. Schultes at Harvard, is-preparing a catalogue of over 
1000 plants used by Indians in Latin America; similar efforts are 
needed to apply his methodology in other parts of the -world. 


It is also vital to undertake more systematic surveys on the decline of 
medicinal plants, so they can be propagated and bulked up in medicinal 


plant gardens, and the genetic diversity cf the wild populations 


conserved. A truly horrendous example is given by Gupta and Sethi, 


1983: Dioscorea deltoidea is a very important plant in the Himalayas 


i 
ft 
H 
1 
fer its tubers contain a high concentration of diosgenin, a | 
cortico-steroid used in the production of steroid drugs, sucn as | 
anti-inflammatory agents, anti-cancer agents, oral contraceptives and 

anabolic steroids. Whereas early collections found tubers with 6% or 

more diosgenin, recent searches found no tubers with diosgenin content 

higher than 1%; the high-yielding genotypes had been exterminated by 

commercial herb collectors. Gupta and Sethi also list a number of 

medicinal plants from the Himalayas that are endangered as species - a 


good example is Coptis teeta, reduced to @ handful of plundered plants. 


3.3 STUDIES OF PLANT SITES, THEIR ENDEMISM AND DIVERSITY 
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Most botanists today feel the best way to save most tropical plants will 
be to preserve relatively few large areas of intact vegetation. 
Experience has snown that large areas are easier to manage in the tropics 
than small areas, which rapidly get degraded without constant 


Supervision. It is also clear that small isolated sites of tropical 
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forest will not persist and regenerate in the way that similar paches of 


temperate forest do. 
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It is certainly easier to assess which these sites should be than to 
identify threatened species. In Ivory Coast, for example, the only large 
extant piece of native forest remaining is the Tar National Park, 
nominally covering 330,000 ha; it has been steadily reduced by illegal 
and rampent lesging, organised poaching and panning for gold. With over 
150 plants endemic to the park, it is an obvious choice for conservation 
action. 7 P ¥ 

In other cases the destruction has gone so far that the selection is 
simply of what forest remains. Perhaps the best example here is the 
Brazilian Atlantic forests, believed by many to be the most endangered 
rain forests in the world. The best estimate is-that only 1-2% of the 
Atlantic forest is in a condition worth saving. Only tiny fragments now 
remain and opportunities for conservation are rapidly being closed. These 
forests, which once stretched in a narrow strip from the state of Rio 
Grande del Norte to Rio Grande do Sul, are far apart from the Amazon 
forest block and have a different set of species, with a high percentage 
of endemics, both plant and animal. Today the Brazilian conservation 
authorities, with substancial support from LUCH/WHP, are struggling to 


protect those areas still intact as reserves. 


An advantage of the sites approach is that large protected areas offer 
Many other benefits besides conserving valuable plant species. . 
Enlightened park chiefs are changing their tactics, understanding that in 
developing countries meeting human needs has to be the primary goal. 
Rather than "set land aside", they want to protect it so that the 
benefits continue to radiate out into the surrounding countryside - 
migrating meat for the pot, fresh water in the streams, markets for local 
handicrafts. A key concept is that of the buffer zone, a broad and fuzzy 
edge between the park and the neighbourhood; here people could get 
firewood and wild fruits, graze limited numbers of cattle, and perhaps 
gather medicinal herbs - many Africans feel that sustaining supplies of 
wild medicinal plants is the best justification of all for protected 


areas. 


7n many cases, the protected areas are critical watersheds, wnere 
clearing of vegetation can do great harm to the supply of fresh water to 


neighbouring cities. The vegetation on the Ulugurus, for example, is 


very important for the water supply to Dar es Salaam, the largest city in 
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Tanzania and one of the fastest growing cities in Africa. The vegetation 
is extremely rich with several endemic genera and around 100 endenic 
species (Polhill, 1968), yet is declining fast (J. Lovett, pers. comm.) 
In recognition of the watershed argument, a project sponsored by the 
World Bank to develop rice production in Sulawesi contributed substantial 
sums to the development of the large Dumoga-Bone National Park, a large 
piece of plant-rich forest along the ridges above the rice fields; in 
this way the long-term future of rice production is assured from erosion. 


Many of the sites where most plants can be saved are already National 
Parks but only in name. Areas of hundred of thousands of hectares may 
have a park staff of a handful of people, mostly untrained, and no 
equipment. Here the great need is for consolidation: technical aid to 
help develop management plans, training for staff, and equipment. In 
many cases, institution-building is needed too as how can you INManage a- - 
big park without a functioning parks department? (The issues described 
in this section so far are the subject of a paper in this series by J. 
Thorsell.) . 


A first selection of key plant sites worldwide was made by the autnor 
when, in 1982, he was invited by the World Wildlife Fund to develop plans 
for how they could achieve the most plant conservation with tne c. US$3 m 
they hoped to raise in their Plants Campaign during 1984-85. The 
programme devised had two themes: a set of strategic projects to make 
plant conservation a more accepted part of conservation as a whole, and 


more traditional field conservation projects, usually to establish or 


consolidate protected areas, in as many plant~rich sites as possiple. 


The initial analysis, widely circulated in late 1982, contained c. 50 


% 
x 


sites; this «as since reduced to about 20, because it was felt IUCN and 
WWP had neither the finance nor the administrative capacity to cover more | a 
at that time. Sites within the territories of WWF National Organisations 
(NOs) were omitted too, because eacn WWP NO develops and manages projects 
in its own country independently rather than through the IUCN Programme. 
The sites are listed in Table 6. Just over a year into the campaign, 
over US$ 1.6 m had been committed, mostly to site conservation. It is 
likely tnat the full programme will be carried out more or less on 


schedule. 
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Encouraged by this, IUCN is preparing a Plant Sites Red Data Book; this 
will contain accounts of c. 150 botanical sites indicative of those 7 
greatest need of protection, and where plant species diversity and/or 
encgemism is particularly high. It is not intended to be a comprehensive 
account of all sites in danger, but rather an indication of those where 
most plants could be saved. The intention ‘s te present it to 

¥ conservation organisations and aid aaencies, to guide the aid tney 

offer. The book will Provide perhaps the ose cost-effective and 

practical way to conserve plant diversity. (whereas tne selection of the 

sites and the production of the book is funded, the next step of a 

feasibility and costing study on its implementation is not.) 


* 


TABLE 6 


Plant Sites selected for technical aid under the international component of 
the IUCN/WWF Plants Programme 


Africa 

Cameroun Mt Camercun, lowland forest sites - Dja (540,000 ha), 
Korup (90,000 ha) and Pangar-Djerem (480,000 na) 

Ivory Coast Tai Porest 

Liberia Sapo National Park (130,700 na of Guinean forest) 

Madagascar Various sites in the forest belts with emphasis on 
Ankarafantsika and Anbohitantelyv . 

Mauritius Endemic flora rescue programme; establishment of small 
reserves 

Niger Air and “énéré National Nature Reserve (6.4% of Niger) 

Tanzania Montane Forests (Usambaras, Ulugurus, Uzungwas) 

Asia 

India Support to plant conservation, especially proposed 
Biosphere Reserves in Assam and for Nilgiris 

Indonesia Selected reserve sites, predominantly lowland ro.ests in 

. Kalimantan and Irian Jaya 

Malaysia Selected forest sites in Sarawak 

New Caledonia Sites to be selected 

Sri Lanka Sinharaja Forest (see text) 


Central and South America 


Brazil Selected sites in tne Atlantic Forest (see text) 
Peru Manu National Park (1.5 m ha) 

Costa Rica La Amistad National Park (192,000 na), Tortuguero NP 
Honduras Rio Platano Biosphere Reserve (350,000 na) 

Chile Juan Fernandez Islands 

Ecuador Galapagos Islands 


Atlantic Islands 
Azores, Canary Islands and Madeira 


Note: This omits sites in WWP NO countries; these include Australia, 
Canada, Japan, New Zealand, Pakistan, Soutn Africa, Uniten States and 


most western European nations. 
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3.4 STUDIES ON THE DECLINE OF HABITATS AND BIOGEOGRAPHICAL STUDIES 


In theory, data on joss of habitats could be the best clue to loss of 
Plant diversity. If we know which habitats are richest in plants and 
where the vegetation is disappearing most rapidly, we can assess which 
areas should be pricrities for action. In a sense this is implicit 
anyway in the previous approach, on selecting key plant sites for 
conservation. 


Information on the decline of nabitats worldwide is not outlined here as 
it is the subject of another paper in this series. Nor is the author 

_ presently qualified to describe and comment on the various techniques 
involved, especially satellite imagery. Suffice it to say that at 
international level, this will be the main focus of the GRID database (an 
offshoot of UNEP, to be based in Geneva) and that presently, under UNEP 
aegis and co-ordination, IUCN nolds data on tne decline of wetlands (wita 
IWRB), on coral reefs and on island habitats (with ICBP); FAO holds data 


on tropical forests and ECE on temperate forests. 
Two international projects, however, should be mentioned: 


1. A Strategy on Botanical Inventory in Tropical Forests, being prepared 
by David Campbell, funded by WWP-U.S. and co-sponscred by the Arnold 
Arboretum, the Missouri Botanical Garden and the New York Botanical 
Garden. Individual experts have been asked to contribute chapters 
for each country with tropical forests, outlining the extent of 
botanical exploration and recommending priorities for action. 

Perusal of an early draft has shown a massive account of the 
vegetation of those countries and a lot of data on botanical 


knowledge, but a true strategy is still a long way off. 


2. IUCN's Conservation Monitoring Centre is presently considering a 
project, to follow on the Plant Sites Red Data Book, that would 
attempt to predict where the most plant extinctions age occurring and 
will occur if present trends continue. This will link together data 
on the distribution of plant diversity with data on loss of 
habitats. The project is still at an early stage and funding has not 


yet been obtained. 
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Biogeographical approaches have also been suggested as the best ‘short 
cut® to deciding which areas to protect in the time available. The 
Nature Conservancy's impressive programme in Latin America is based on 
this theme as is in part the related IUCN project to assess the coverage 
of protected areas worldwide (described by MacKinnon and outlined in 3.3 
of Thorsell's paper). The difficulty is that the more tropical an 
environment becomes, in general the less effective are biogeegraphical 
techniques for conserving plant species. In other words, a set of 
protected areas chosen on biogeographical criteria may protect most 
‘Species of, say, Arctic Canada, even if. only covering a tiny part of the 
land surface, but would not pretect most species of the Peruvian Andes, 
where plant distributions do not reflect biogeographic boundaries, many 
species being confined to far smaller areas. A.H. Gentry, for example, 


has found that some Andean valleys have very cifferent floristic 


composition to neighbouring valleys of simiiar environment (pers. comm.)._ 


The answer is surely that ne one approach provides a single answer. A 
judicious mixture is needed. In many of the most acute cases, as in tne 
Atlantic forests of Brazil, common sense and local knowledge may be the 
best immediate answer, as the policy should simply be to protect what 
little is left. Here the detailed species lists and biogeographical 
studies are important, but for long-term planning and manayement rather 


than for immediate rescue action. 


4. THE USE OF INFORMATION TECHNIQUES FOR PLANT CONSERVATION AND FUTURE 


APPROACHES 


There is a large and rapidly expanding literature of Red Data Books, 
national threatened plant lists and other reports on plant conservation, 
although mainly for the temperate and Subtrop:cal countries. Like much 
conservation information, much of it is ‘grey iiterature', that is repor:s, 
often a mimeographical typescript, produced in low numpers and known only 
to a handful of people. Such reports are usually freely available but 


cannot be said to be effectively published. 


To provide a ready reference to this obscure but burgeoning literature, the 


IUCN Conservation Monitoring Centre (CMC) is publishing a pook entitled 
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Plants in Danger: What do we know? (Davis et al., in press). Arranged by i 


country and island, it outlines data sources on plant conservation and 
answers questions auch as “Where can I find out about the flora of a 


country? Which of the plants are known to be threatened? Who then can I 
get in touch with?® 


In pérticular the country accounts in the book give detailed references of 
all reports and publications known to IUCN that list and describe 
threatened flora. Brief analyses show the number of threatened and extinct 
species wherever known. To put this information into context, the accounts 
contain short notes om the flora and vegetation as a whole; in virtually 
all cases these include the number of native plants, a unique feature. To 
assist the working conservationist, the book provides references to the 
most up-to-date Floras, Checklists and Pield-Guides, as well as listing the 
major Botanic Gardens and voluntary organisations concerned with plant 
conservation in each country. | 


The CMC have built a database for most of the threatened plant lists and 
national Red Data Books covered in the book. at present this principally 


covers rare and threatened species and is essentially a matrix of: 


(a) Plant name (in Latin, with authorities); 

(b) Areas in which that plant occurs (using a set of c. 565) codes 
covering all countries, states in federal countries (e.g. 
U.S.A., Mexico) and most individual islands or island groupe; 

(c) IUCN Red Data categories for the degree of threat, applied at 
area and world level, where known; 

(d) Various other descriptors. 


The contents of the database are presently as follows: 


Number of plants 35,303 

Number of plants rare and threatened 
worldwide 15,907 

Number of plant-area records 44,274 


The 15,907 rare and threatened plants are made up as follows: 


Extinct 342 
Endangered 2646 
Vulnerable 2425 
Rare 4977 
Indeterminate Sauk, 
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Detailed data-sheets, comprising one or more sheets of text, are held on 


c. 309 of the threatened plants, including those published as The IUCH 
Plant Red Data Book (Lucas and Synge, 1978}. Research for the Plants in 
Danger book has ghowa that there are a number of threatened plant lists not 


incorporated into the database. It is reasonable to assume, therefore, 


that the total number of known threatened plants will rise to maybe as high 
as 20,000 taxa during 1986 as these data are incorporated. 


e 


In future this should be extended to include also: 


1. Extinction-prone species (i.e. species in high-risk areas but not 
assignable to Red Data Book categories at present. } 


2. The major econosic species (from the list to be developed, as 
Gescribed in 3.2). 


The database reflects the sharp Giscrepancy observed with national Red Data 
Books and floristic richness. This is illustrated in Table ee 


TABLE 7 


Comparison of floristic richness with number of taxa in IUCN database 


Region No. Species! No. Threatened Species 
in Database 

Europe 11,500 2282 (20%) 

North America 20,000 (2). 2171 (118%) 

Africa (with Madagascar) 30,000 4942 (7%) 

Central America rs 1623 

South America 80,000 116 62 


l. Taxa of vascular plants; all world-threatened except Europe, 
which are regionally-threatened. 

2. Temperate South American threatened plant lists not yet screened 
for inclusion in the database; add say at most 500 taxa. 


Tne development of the database is accompanied py a vigorous policy of 


decentralisation. In the 1970s, for Europe at least, the threatened plant 


list prepared by IUCN pre-dated most national iists and stimulated the 


production of many of them. When the first version of this list was 


published in 1977, there were few national lists available; however, when 


the second appeared in 1983, there was a flurry of activity at national 


level, so much so that a third version is planned for the late 1980s to 
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incorporate all the additional data now available. fhe best approach is 
for each country to preduce their own threatened plant list and for this 
material to be fed into the international database. The IUCH database is 
increasingly becoming an overview of information held nationally, with 
pointers to where that data may be found. The role of an international 
body like IUCN is eeen as to provide methodology, to provide technical aid, 


and to fill the gaps, rather than undertake the compiling of such 
information itself. , 

This process of decentralisation has been greatly helped by the decreasing 
cost of computer power. Many countries want to develop databases, either 
specifically on threatened plants or, more often, on the environment in 
general and se including plant data. In the coming years IUCN intends to 
put empnasia on promoting national databases, and under @ current project 
partly Sunded by the European Research Councils, IUCN will prepare a 
Database Blueprint to outline the minimal informational content essential : 
for a national, general-purpeze database for plant conservation. IUCN, and 

hopefully other organisations, will use this as a means of encouraging 

national institutions to set up national plant conservation databases and 

promoting compatibility and excnange of information petueen existing 3 vid 
databases. 


The Blueprint will open the way to the development of a far more coherent 
and effective network of national databases for plant conservation. During 
1986, IJCN will pe considering how best to develop and promote such a 
network of national databases on plant conservation and the necessary links 
between them. A vital ingredient will pe to set up a forum, where all 
involved can meet regularly and work collectively on problems of data : 
collect:on, software development and data compatibility. Punds, however, we 
for this work are presently lacking; of the order of US$50,000 - 100,000 ei oes 
per yeac would probably be necessary to get the project started; further 
money may be needed for hardware purchase and staff time in each country 
involved, although in some cases this could be covered locally and by 
bodies like the World Wildlife Pund. (The present thinking is to use IBM 
PC ATs, costing around US$10,009 each, but later on adding the GIS software 
and hardware that has just become available on this machine, at an extra 


US$30,000.) 
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At present ICH and the leading Botanic Gardea in the Canary Islands are 
making plans to develop a databage for plant conservation in those islands, 
which will serve as a model fer other national databases. Botanists and 
pliant conservationists from many other countries have expressed interest in 
hational databases on plante and a number have asked IUCH for help to set 
them up. In particular, there is considerable interest in Kauritius, 
InGia, Kepal, Hong Kong, to name a few areas of priority for plane 
conservation. The Nature Conservancy, a U.S. NGO, is managing Fa 
impressive programme of institution-building around the development -of 
conservation databases in Latin American countries. 


The problem of compatibility is a complex and difficult one, not limited to . 


the botanical field. As every researcher gets a desk~top computer, each is 
tempted to design a database for their own application. Yet so often, each 
application is similar, though not identical, to that of a fellow scientist 
in the same discipline. One lesson, now very clear, is that each scientist 
or institution has to go through a slow learning curve in this new and 
exciting process. Home-made Gatabases, later abandoned, are an essential 
part of this process. The institutional difficulties in getting agreement 
on common standards are formidable, but there are encouraging signs that 
they can be overcome. On the one hand, IUCN received endorsement from 
representatives of around 200 leading Botanic Gardens to continue 
G<velopment of an International Transfer Format for records of plants 
growing in Botanic Gardens - this would enable easy transfer of data from 
one garden to another, eventually perhaps to form an international, shared 
‘database on which species are in which Botanic Gardens. Secondly, the 
leading plant taxonomic institutions of the world, notably Geneva, Kew, 
Missouri, New York, have joined together to form a Taxonomic Databases 
Working Group; this met for the first time in Autumn 1985 and agreed an 
ambitious work programme for the following year or 60. Only time will tell 
whether these initiatives will succeed or whether in five years or so there 
are literally thousands of fib ee al but SOE OR SLES databases around 
the world on related topics. 


In parallel with the work on the promotion and Gevelopment of national 
databases, IUCN plan a major development of the CMC database for 1985-6, 
incorporating tne main features to be outlined in the Database Blueprint 


(see above). These includes distribution by localities, including presence 


in named protected areas, synonyms, life-form, biblicgrapnic references and 


DIELS EE NI C8 Oe ER ION pce neat rearre 


Rts 


we whe AN oi a A ls aot a AO RD WO 


Bim aided 


Dh etbbiicn PR RA RM Skee 


Scania Bb UDI oa 


Stn Vt Mae Ml ih citi il wit Po 


a 


Be eth ct g ne Rie ths htm 


re 


Acie 
ae 


*.* 


Beate! dots obth ter enetenetnn emote b em armen yeh lene lponeiapras 


“ye ae) eT ee 1 wha y t 
= are ye dace, RS BURR A ge ana ea rund 
j nly ak Fa i a 


sbasial ceads a) wOlseuereneD Shade 20d weetn w, saae 


hr pee 


] 


sun cheaked etensd 65:08 natasha a 
at etrlarted .agtedieeb. Lanbitee, wees ae ae 
soon) beessye te etmek tbs 4eats yon ares se ini 
od 492 MOOK Sodee avad- cedygn «thn ecanterw svexiedad A 

auitices? al sserveted eldeebtensy ef- ore? es es 
slg sot yajaedwy Te ssa 6? 2 cee Go gpRNe GoeR 4 : 
a pexipeoas af iH 20. & seemenenied exes eet + Sa 
woes over wid topo saleisedwaplangigaed Sp aeeeTpeag 
* oa lnemeseopnszees etal ms saneantee 


. ' < 
° = i 


mm Sipaashit ter aalaeee eisai emaeaaarte 
etoiGkD « Gsee tetoeseeen Creve a4 +Giet3 dm 
ce t$o- pe S08 -.Retsentiess ome Biats 298 eedeeer a eit ts) ont 
cd ine) deeb? sen vogedd ,seiinia. as 295 


vis 4 - tat 
erica ie Se ‘eetr Vrey vat dened ood -onkiqiosid emae 
4 ks ‘ nit +9004 vole » Qpeexd? of OF wad aassue) e 
cengesz: ‘ote ehh ebte-sok 6» 8eeoo3d Eh 
wmeech eWhg2es al-ebttivel®tish Eenodtsslzent-est  .eteong ards 
Be ag = Le Skype , cuedia sud’ .eidebinee) O38 abushoase 
Sok 2668 oe Leviwpes 4907. ened ene edd. mh wapoteve: OF il 
fiaete: s oeehax) véceset poiseed BOL boue"a 20 anvis | 
wasie 2 scwel 20%, tecech istanes?t Lenoljensesni. oe ‘te on 
4) ko Medowesa vase oised Bhouww Ohne — anebind Dinesoe Gey 
le a teat sentetnd met poek oF eqaheyy Ystescaere ,edjen8 82 Sebs, 
wr 4 beeose wivete® Leste donde Ad. cia seioegs dointy AG 


, Macon  bisiw e¢¢ be snoddpaitenld simonons? Jaesg- On 
seit i ape « 20} oF ISteegeF bectot eved #20 wall 4 

se £O%L cota al dado tapkbecs Get. fe0 ins: yquesd | 

7o. e235 yis 09 2G. Pht, C2 evo LO} 28? fo) eemezposg Axcv 
Ht pe to. ayee® evil at 2Ad@ete ob Geen ete eetisatsins anes 
bite wtarkeiskh s1nitegnynns Jon hs ch gerd fo alneapond yileig 
-29iged. hatslier aot 


i tet “6 Pris : i ‘ ~~" he) WG 


lanolseu 30 teeeeehevet One solsenes@ e423 0) d1ow. ect este teeee 


2¢°) 2617 skevared 2M att Se JenaagdevsS rob em & nels MQUT 


sei3zQ0v{6 eaedateS 063 nb GeAl late oO. oF soiwing’ shew ect? passe: ‘ 


e2490020 poibulons .esisiiadel ye aolseeiagem webuioad aeodtT of 
bye eeoteselet Clagatetkidid .eseh-otld qerynonye yaners beroutong 


4 


* a poe 


data sources. It will include continued research on effective coding 
schemes for threats and for habitats. Work to do this, however, ie only 


partly funded and the CNC computer needs replacezent with a more up-to-date 


model that can handle GIS Gata. Additional funding, both capital and 


reguiar, ig needed fer CHC to be effective as a public service to the world 


community on the provisica ef conservation data, 


How accurate are the data? It is hard to say. In many countries, like 
Spain and Australia, the national data are the result of workshops and 
study groups that involve most or all the botanists in the couatry. Here 
we can be confident that the assessments are more or less correct, 
especially if the list or book is in the second or third revision. In 
other countries, however, the work is the result of the work of one 
scientist. However gifted he or she may be, the likelihood of error is 
greater. Assessing a species for degree of threat and its chances of 
survival is a subjective matter and depends on judgement; tne more peopie 
who have an input to the assessment the more likely it is to be correct. 
The best way to confirm the accuracy of a list of threatened plants is to 
prepare more detailed data on each species and so velidate tne assessments 
made. This has been slow to happen, partly because of the vast number of 
species involved, but is likely to speed up if national databases on plant 
conservation are created, as outlined above. It is essential in its own 
right as identifying a species to be threatened is Clearly only the 
beginning of efforts for the conservation of that species. There are many 
other elements of information that are needed. ‘The most critical of tnese 
are data on precisely where the plant occurs - its Present localities. 
Parallel to this are data on population biology - how many plants occur at 
each locality, what are the bottlenecks in the life-cycle to expansion of 
the population, and so on. The techniques to do tnis are fairly 
sophisticated, following for the most part J.L. Harper's work on population 
biology (Harper, 1977). Good examples of such studies are few, some being 
given in a conference partly devoted to this theme (Synge, 1981); this 
shows rather clearly that the techniques evailable are as diverse as the 


number of experimenters! 
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A useful guide for data-gatherers is the guidelines developed by Henifin 
and colleagues (1981) for the preparation of status reports on rare or 


endangered plant species, Gesigned for the requirements of the U.S. 
Endangered Species Act.of 1973. The very structured appreach may be 
suitable for some experimenters, and provides a useful checklist of factors 
to consider. 


Experience to date shows how important individual studies are before rescue 
attempts are undertaken. In a number of cases, the fate of the plant has 
been harmed by well-meaning but incorrect conservation action. This is 
especially true for emall, very vulnerable eites, where mistakes can be 
fatal. A good example is the story of the Ranunculus ophicglossifolius ia 
Britain, outlined by Frost (1981). Early efforts to conserve the principal 
population, confined to a site of 1/12 acre, eliminated the plants 
altogether, as the fence erected by the conservationists kept out the 
grazing animals which maintained the habitat. Fortunately in this case, 
the seed remaining in the soil was sufficient for the plant to regenerate 
when the habitat was grazed again. The tragedy is that for those regions 
where most plants are threatened, conservation of individual plants has 
never been attempted, so there are no stories of success or failure to 
recount. This is all the more serious because of the large number of 


economic species in the tropics. 


There has been little systematic assessment of which species, especially 


rare and threatened ones, are in existing protected areas. IUCN is keen to 
include data of this kind in the CMC database, since one part of CMC is a 
database on the world's protected areas, with over 9,000 entries so far. 
Yet in most cases knowledge on rarity in plants comes from taxonomists. 

Few park managers have a list of the plants in the sites they manage and 
those lists that do exist are often difficult to obtain and unreliable. 
Unesco, with IUCN's help, is very interested in sponsoring a database © 
within each of the designated Biosphere Reserves; if this develops into an 
effective program, it may provide the momentua to assemble the data 


required. 


Indeed, in the coming decades, as habitats continue to decline, I see 
emphasis moving away frot: identifying threatened species towards 


cataloguing the occurrence of all species in protected areas. One can then 
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ask the question, Which species are not protected at all?, and give 
priority to them. This is @ much less subjective approach. The 
difficulties, however, are formidable: to derive the list of species not 
protected, one needs first of all an agreed list or database of plants of 
the region concerned, and then that all park lists follow that list. Such 
agreement in taxcnoay is still far off, but modern computer technology 
should act as a spur for regional and specialist plant dcatabases, linked 
together in a network, perhaps even a world plant database. 


In contrast, the data are far better on which of the threatened species are 
conserved ex situ in Botanic Gardens, although it ig generally accepted 
that this approach is a second-best solution and is unlikely to succeed for 
most tropical plants. IUCN's Botanic Gardens Conservation Co-ordinating 
Body link together’c. 250 Botanic Gardens into a world network for plant 
conservation and will be greatly expanded following the recommendations of 
an international conference on Botanic Gardens and the World Conservation 
Strategy (Las Palmas, November’ 1985). Surveys nave shown that c. 4000 of 
the c. 16,000 known threatened species are recorded in cultivation in . 
Botanic Gardens. This total is likely to rapidly expand, double even, 48 
exchange of electronic media becomes possible between Botanic Gardens and 
IUCN using the International Transfer Pormat (see above). Although the 
data are good, cultivation in a garden is not the best means of 
conservation: living collections in Botanic Gardens are vulnerable to loss, 
and frequently cover only a tiny proportion of a plant species’ genetic 
variation. The great challenge here is to develop a seed bank network, 
learning from the lessons of the FAO/IBPGR network for major crops, that 
will provide effective ex situ conservation for all species that need it. 
This will be a target for the expanded version of the Botanic Gardens 
Conservation Coordinating Body to be set up later in 1986 and will 


doubtless require substancial funding. 


INFORMATION ON THE DECLINE OF PLANT SPECIES IN-THE UNITED STATES 


by R.A. DePilipps oe 
oh 
The most recent comprehensive listirgs of plant species, subspecies and 


varieties, whose survival may be imperiled on a national basis, are 


contained in the Federal Register (U.S. Pish and Wildlife Service, 1980, 
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1983, 1985). The lists were prepared froa data solicited, researched, and .- 


collated by botanists of the Office of Endangered Species, U.S. Fish and 
Wildlife Service, Department of the Interior, Washington, D.C. The species 
are arranged in the federal documents as follows: Taxa Currently Listed (as 
officially Endangered, or Threatened); faxza Currently Under Review; Taxa No 
Longer Under Review. 


The lists in the Federal Register ultimately derive from the Smithsonian 
Institution report on recommended plants prepared in response to a U.S. 
Cougressional directive in the Endangered Species Act of 1973, entitled 
Report on Endangered and Threatened Plant Species of the United States. An 
update of the Smithsonian lists, with a list fot Puerto Rico and the Virgin 
Islands, was published as Ayensu and DePFilipps (1978). This publication, 
still in print, lists 839 "endangered", 1211 "threatened® and 90 "extinct® 
taxa for the continental United States (including Alaska). The figures 
when combined represent approximately 10-11% of the mainland U.S. flora 


(which totals cc. 20,000 species). During the interval between tne 1975 and 


1978 Smichsonian lists, several species presumed extinct were rediscovered 


" due to the interest generated by the lists, the most notable being the 


Furbish lousewort (Pedicularis f£urbishiae) of Maine and the Virginia 


roundleaf birch (Betula uber). 


The Smithsonian lists have no legal standing. The official government list 
of Endangered and Threatened Wildlife and Plants is publisned by the U.S. 
Pish and Wildlife Service, most recently in a 27 September 1985 version. 
The lists include common name of the species, scientific name, historic 


geographical range and status (endangered, or threatened). 


Since listing (and, as well, de-listing) is a continuing process, the 
established method for the public to keep aware of the Service's actions is 
to consult the proposals and final rulemakings published by law in the 
Pederal Register. Seeing this as a handicap, the Service also puplishes 
the easily obtainable Endangered Species Technical Bulletin, eacn month. 
The tables in the October 1985 issue show that to date there nave been 
officially listed 82 endangered plants and 23 threatened plants (species 
occurring only in the U.S.). Prior to this issue, tne Bulletin cf January 
1°°* listed the 33 species for which approved Recovery Plans, for restoring 


listed plant populations to 4 self-sustaining level, have been developed. 
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It has long been realised that the lack of modern published Plora for the 


United States as a whole has impeded the inventorying of certain data 
required to study plant species population dynamics and distribution in 


places such as the remoter parts of the southeastern U.S. Individual 
states, however, often have published Ploras and esst lave developed either 
officially sanctioned state-appointed comaittees or voluntary groups and 
advisory committees to deal with probless of endangered plants at state and 
local levels. Since the Endangered Species Act of 1973 does not prohibit 
the picking of endangered plants, and applies oaly te nationally 

_ significant plants growing on federally administered land, such 
state-sponsored groups have a vital role. Virtually each of the 50 states 
is represented by a state of rare, endangered, and threatened plants or 
species of concern; they have been most recently surveyed and appraised in 
an article by Ayensu (1981), which is brougnt up to date in Plants in 
Danger : What do we know? (referred to above). General knowledge of larger 
regions is bulked up by the appearance of publications such es Kral (1983) 
and Nelson and Arndt (1981). Two additional publications may be singled 
out as excellent expositions of a national and regional perspective on the 
endangered plant species issue: the proceedings of a New England Symposium 
(Anon, 1980), and Morse and Henifin (1981). 


Due to constraints of political and economic importance, some officials 
continue to acknowledge only reluctantly the conservationists’ vision of a 
state emergency inherent in plant decline and loss. In Hawaii, the need 
for funds generated by timber and agricultural harvests and urban | 
development has often been influential enough to seemingly overpower the 


eagerness of local conservationists to apprehend tne invasion and 


deterioration of native plant cover by exterior forces. Yet, for Hawaii, 
ample evidence of the fragile nature of the ecosystems and the 1,100 : 
endangered, threatened, and extinct taxa has been expounded by various : 
authors in numerous articles and no fewer than three books by Professor 
Sherwin “arlquist of the Rancho Sante Ana Botanical Garden in California: 
—Carlquist (1965, 1974 and 1980). 


As pointed out by Senator Lee Metcalf and Congressman Keith Sebelius (The 
Nature Conservancy News (28(1): 6-12, 1978), °In 1975 the President's 
Council on Environmental Quality estimated that 1.25 million acres of 


natural and agricultural land - an area the size of Delaware - are annually 


converted to more intensive uses. Urban expansion alone consumes 740,000 
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acres; transportation projects 130,000 acres; and reservoirs 30,000 


acres". In fact, a county map of the United States showing lees in natural 
vegetation types in each county (Klepatek, 1979) shows that among the types 
that have already lost more than 56 per cent of their potential area are 
the Florida Everglades, the California steppe, the Southern USA flood-plain 
forest, bluestea grass prairie, and the beech-maple forests of 
north-central United States. 


Files of endangered plant species information are maintained by the U.S. 
Pish and Wildlife Service - Office of Endangered Species as background . 
information and solicited testimony and data contracted from collaborators 
around the country. The Plant Conservation Unit of the Department of 
Botany, Smithsonian Institution, maintains data previously used to 
corroborate the 1975 and 1978 listings of species recommended for 
protection pursuant to the Endangered Species Act. °— 


A determined effort to maintain and expand data files on endangered species 
has been made consistently over the years by The Nature Conservancy 
(Arlington, Virginia), a private organisation which has developed a 
sophisticated “element-based inventory® system by means of which to 


categorize the biological factors and biota occurring in a given area, as 


an aid to natural areas selection. It is perhaps the only active 


national-oriented data gathering system to be seriously reckoned with at 


the present time, and its services are in constant and growing demand. 


The most desired overall situation, yet to be achieved, would be the 
presence of a published Flora of the United States; the adoption of a 
stronger political determination to include plant conservation factors in 
plans to develop the natural environment to human requirements within the 
states; the further encouragement of a system of national data resources 
for endangered plants; the encouragement of a larger output of officially 
listed and protected species; more state laws protecting specific plant 
species; and the continual education.of a public. for some of whom the 


Endangered Species Act of 1973 will always be a potential adversary. 
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6. CONCLUSIONS 


6.1. 


6.2. 


6.3. 


6.4. 


6.5. 
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Our generation is living through - and is causing - the first mass 
extinction event in the plant kingdom. The most threatened floras 
include those of mediterranean ecosystems, of islands and of tropical 
forests. 


The decline in diversity is obvious, but not readily quantified. One 
particular difficulty is the lack of knowledge on tropical floras, where 
plant diversity is greatest and threats to vegetation are most acute. 
Two thirds of plant diversity is tropical but most botanists live and 
work in the temperate countries. Thus the greatest study has gone into 
the areas of least diversity. Shortage of tropical botanists skilled in 


tropical plants is now a critical factor hampering plant conservation. 


So far 15,907 higher plant taxa have been categorised as rare or 
threatened but this omits many tropical floras where endangerment is 
high. At least 60,000 plant species may be at risk of extinction within 
the next 30-40 years. Yet it will not be possible to identify many of 


these species until they have become extinct. 


Therefore alternative approaches are needed in addition to the 
conventional identification of threatened plants. One of the most 
promic .ag is to identify those key sites richest in plant diversity and 
then to promote their protection; the best - perhaps the only - way to 
conserve most tropical plants will be to protect iarge areas of intact 


vegetation. 


Approaches to identify habitats in most danger are also useful but are 


difficuit to apply and constrained by lack of vegetation maps and 
biogeographical analyses of floras. In the tropics, especially the wet 
tropics, no set of protected areas chosen solely to represent each 
habitat or vegetation type or biogeographic unit could contain all the 


plant species of the region. 


Documentation on plant conservation worldwide, with present emphasis on 


threatened species, is neld in the plants database of the IUCN 


Conservation Monitoring Centre. This. database is emerging as an overview 
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of data at national level, to which it contributes and which it 
promotes. With adequate funding, it could be instrumental in the 
development of a network of national plant databases. Computer 
technology has been useful in managing information on plant diversity, 


but compatibility problems constrain optimal use. 


The best data are on economic species, but mostly on the c. 100 or so 
crops covered by the IBPGR system, notably in the.ex situ gene banks. 
There is a major vacuum on the conservation status and exact 
distributions of the tens of thousands of other economic plants- 
especially medicinal species, timber and firewood trees (though covered 
to some extent by PAO), and ornamental species; and a subsequent lack of 
in situ conservation action both for these species and the major crops. 


Simply knowing which species are race or threatened or. prone to 
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extinction is not enough to plan their conservaticn. Detailed data are 
required, e.g. on localities, habitat, population biology. A critical 


gap is lack of plant lists for most protected areas in the tropics - 


without these there is no easy way to assess which species are protected 


so far. 


Data are better on ex situ conservation, wnich is seen as 4 necessary 

adjunct to in situ conservation. About one third of recorded threatened 
plants are conserved ex situ, mainly in Botanic Garden collections. The 
priority is to develop a seed bank network in parallel to the Botanic 


Garden collections. 
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For the United States, the lack of a national Flora is a critical and 
embarrassing gap. So far c. 2100 species have been demonstrated to pe 
rare or threatened, yet the Endangered Species Act covers little more 


than 100 of them and the desperate situation facing much of the flora 


geems not to be fully appreciated by policy-makers. In particular, far 
more attention should be given to covering the plant wealth of Hawaii, 


much of which is on the verge of extinction. 


FRE eI I 


secs kaha iam NN a ae si he AO Pine SMR IG TAOS iy SMa EAE we Re SE ah a hd 


ane ie tate att car 


nm 


el dete he SE de 


~~ 


- y 


Bae iagt 


7s 


ead 


‘\Jiesvilb aslo a pabieeieh poise it tee! 


1} aulite dda sesantaiesa oh taidw od 5 
sa: ol isioperizaal eft Blvéo 38 veadbers. 


Teg 


vertsdeted sealg leeoises Sa 


een ee at 


: 
7 — = 4 a Sb e 


itews. vad ,@ cage oimgneee pe a8 


i. 
£ Sef) mo. 


&' onag sila pe. edd al gldetot apdege AGE See ei & 
[050 bos.eet 35 aQitavieancs aif fo Ser DOR 
i544 9 41 eooiee Ie83o Jo alenelens Ko gud odd » 
voy Cyooes) anersd soy 42 Saw oeaels —hedpegn Te , 
scevpegcue 6 bss reelonge ledemmene haa, (Onn gala 
: (46 sit D468 apisege spets 36) dfad oalecp gas 
wor@?ees#? 39 #243 Sam Se loogs dude gad 
ia pancS tied? aslg ox dpvens 366 ia 
4230 WRG i glogey ,242ided ,ee53)19005 48-2 : 
aiqusy eats a) s (ercedoug Jeoa sof ated? tasid 38 rr 
‘ OLA OF. Vee Sune On. 8) OFe88 : 
: mA a al do4aw moligvigene® gale a6 Reg 
s)24002 30 S¢ldy ean. 3yecdA §$noPRevebenGe Be 
ni tle aot seedon GL NRAMCHN «¥9IB ED Sevrssaun 
: 5 ‘ten L S20wien, Bis ove & golevelh ad oF 
anos daar, 
r q : -:014%- lene 86A & 30--d08t- O40) .Eeesete E 


sifitancinet cped evel eetsegée OOLS «nm s21- ak ~QBP- 
+P Loeqe. S824 PAeOS. ois Jay. banedi a 
PL Pal AHleeurze Sterayqoed wd7 bet mods 
naryallog od, Oedadseange: Ylliet? eds 
onizevee of: arte ed blvoda st 


di“ ‘POL Ionr Tae Se PHtey Jo AD es Ae 


Te VC oe 


® 


aoe Ley fil 216 


ipelg- ses 


"a 


4 . bg Mi vat of 
: — _ ite Vd 


. RNY ELTA SEMEN 
EES Re eee ee 
- pt aor Se sre La Hee 


Neo % c ie Ser 
Sr TOR? eS AES, to, 
¥ ee Se Se RY S a “ 


7. RECOMMENDATIONS 


Plant conservation has perhaps lagged behind other parts of congervation in 


that no action plan has been prepared specifically to address the needs of 
plants. The structure for such a plan exists in the IUCN/WHP Plants 
Conservation Programme (described by Synge, 1984); this is a set of 
activities designed by IUCN for funding by WWF from the funds generated by 
their Plants Campaign. (Its intention is to make plant conservation 
accepted as a fundamental part of conservation as a whole. About half of 
the US$3 million promised has been committed so far and the programme is 
well an schedule.) The most pertinent set of general proposals made is 
that prepared by the IUCN/WWF Plant Advisory Group at their first meeting 
in 1984; this is appendea as Annex 2 and should be cead in conjunction witn 
the rest of this section. . 


This OTA paper shows clearly the mismatch between tae extent of loss of 
plant diversity and the available knowledge with which to combat it. The 


following actions are recommended: 


7.1. The creation and management of a worldwide network of protected areas for 


in_situ conservation of biological diversity. Conservationists have 
argued that this should cover about 10 per cent of the earth's surface; 
the proportion of plant diversity covered by such a network will propably 
depend more on where the areas are situated than tne total amount of land 
protected. 


Governments should give far more technical aid anc support for the 
creation of more large orotected areas in the tropics and the 
consolidation of existing ones. Many bodies are already active in this 
field, especially WWF and the Unesco world Heritace Convention, and many 
government aid agencies are becoming so, but far more is needed. Details 
on how this may be done are outlined by J. thorsei: in his paper for OTA 


on protected areas in tne tropics, especially section 7.5.1. 


As mentioned above, IUCN is preparing an indicative inventory of c. 150 
sites at present under threat put which if conserved could save the most 
plants. This is surely the most cost-effective means of plait 


conservation. IUCN estimate that, assuming that tne governments involved 
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wish to conserve the sites but lack the resources to do so, a reasonable 
assumption, aid of US$100 - 200 m will be needed over 5-10 years. Since 
the book by definition contains the sites where most plant extinctions 
could be prevented, its implementation would be the single most 
cost-effective means of plant conservation. 


Another target for aid should be the making of inventories for the plants 
occurring in tropical protected areas. 


The present emphasis on threatened species needs zo be continued in the 
developed countries, but the emphasis moved from data-gathering to 
action. Although more data is needed, and will always be needed, there 


is enough available for action to be taken. It is a matter of much 


‘regret that of the c. 2000 species threatened in the continental United 


States (excluding Hawaii), only 78 have been formally listed under the 
provisions of the Endangered Species Act, now 12 years old. And it is 
important to note that the Hawaiian Islands hold more recorded endangered 
and extinct plants than any other island on earth and more than any 
Single country also. More emphasis should be given to a programme of 
biological conservation in the Hawaiian islands, including both in situ 
and ex situ methods, the latter to be spearheaded by the Botanic Gardens 


there. 


Botanists and plant conservationists should put far more emphasis on 
economic plants. For too long we have given equal emphasis to each 
species, rather than concentrated on the useful ones. Ways also have to 


be found to put the burden of cost for economic plants onto the consumer. 


It is well known that the genetic resources of the major crops used in 
the United States, and in the rest of the northern hemisphere, occur 
predominantly in developing nations. While the U.S. has greatly 
supported the efforts by IBPGR to build an ex-situ network of seed banks 
for the conservation of land-races of crops, very little has been done 
for the in situ conservation of the wild relatives of those crops. This 


new field should be a major focus for technical aid. 


Further and more precise recommendations on economic plants will 


doubtless be included in the economic plant papers in this series. 
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7.4. Efforts should be made to reinforce national and international databases 


on plants and their conservation. At international level, financial 
support is needed for the IUCN Conservation Monitoring Centre to reach 
its full potential as an overview of data on conservation worldwide. ‘fhe 
CMC database, which covers plants (as outlined above), animals, protected 
areas, wildlife trade and some ecosystems, has Rany applications to the 
work of U.S. institutions, especially US-AID, the State Department and 
the U.S. Department of the Interior, as well as international agencies 
based in Washington. - 

At national level, a programme of Support for national databases is 

recc. faended, using common standards to be adopted through appropriate 
bodies, like IUCN. The first requirement is to build a@ consensus on how 
such a project could be devised. 


7.5. Governments should provide far greater support for plant taxonomy as the © 


basic discipline upon which conservation of plant diversity relies. This 
support should have several components ~ funding for training in plant 
taxonomy for students from Many countries; the creation of far moce 
permanent posts in the subject in the universities and institutions of 
the United States; and the development of national and international 
electzonic databases of taxonomic information that can make information 
on plant diversity and distributions easily available toa multitude of 
users. Raven and Crosby (in a parallel paper) estimate that six times 
more taxonomists are needed than presently assigned to provide adequate 
data to plan tropical plant conservation before it is too late; this 


would cost about US$ 500 m per annum. 


7.6. The launch of a major consciousness-raising exercise to bring the 


biological diversit.: issue to the attention of policy-makers and the 
public at large. Part of this would be a clearer understanding of how 
policies in one nation - in this case the United States - affect 
biological diversity in another. The hamburger connection has been 
widely paraded, end the effect of developed world timber imports upon 
tropical rain forest is well known, but there may be other, Similarly 


important issues that have not yet peen aired. 
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DEPINITIONS OF THE IUCN RED DATA CATECORIES : nu) 
Extinct (Ez) ; 
. £ 4 
Taxa which are no longer known to exist in the wild after repeated searches of Fi yes i 


their type lecalities and other known or likely places. 


Endangere? (8) 


Taxa in danger of extinction and whose survival is unlikely if the causal 
factors continue cperating. 


Included are taxa whose numbers have been reduced to a critical level or whose : 
habitats have been so drastically reduced that they are deemed to be in ’ 
immediate éanger of extinction. 


— 
aces 


Vulnerable (Vv) 


Taxa believed likely to move into the Endangered category in the near future 
if the causal factors continue operating. 


Included are taxa of which most or all the populations are decreasing because 
of over-exploitation, extensive destruction of habitat or other environmental 
disturbance; taxa with populations that have been seriously Gepleted and 
whose ultimate security is not yet assured; and taxa with populations that 
are still abundant but are under threat from serious adverse factors 
throughout.their range. - 
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Rare (R) | : t 


Taxa with small world populations that are not at present Endangered or 
Vulnerable, but are at risk. 


These taxa are usually localized within restricted geographical areas or 
habitats or are thinly scattered over a more extensive range. 


Indeterminate (I) 


Taxa known to be Extinct, Endangered, Vulnerable or Rare put where there is 
not enough information to say which of the four categories is appropriate. 


Out of danger (0) 
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Taxa formerly included in one of the above categories, but which are now 
considered relatively secure because effective conservation measures have been 
taken or the previous threat to their survival has been removed. 
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In practice, Endangered and Vulnerable categories may include, temporarily, 
taxa whose populations are beginning to recover as a result of remedial 
action, but whose recovery is insufficient to justify their transfer to 
another category. 


Insufficiently known (K)- 


Taxa that are suspected but not definitely known to belong to any of the above 
categories, because of the lack of information. 


N.B. For species which are neither rare nor threatened, the symbol ‘nt’ is 
used. 
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CONCLUSICNS OF IUCN/WWP PLANT ADVISORY GROUP MEEEING 
St Louis, Kissouri 
17-18 December 1984 


Plants are a primary resource of fundamental importance for human life. Rapid 
population growth, together with the excessive and increasing demands that are 
placed on the world’s resources by our societies, are threatening to destroy a 
major portion of cur common heritage of plants. This threat is especially 
evident in the tropics and subtropics, where at least two-thirds of the plants 
of the world occur, and where the process of deforestation is proceeding at an 
alarming rate. Widespread poverty, famine, and political instability, for 
example in Africa, are manifestations of the same processes that are driving 
plants to extinction and, by doing so, seriously limiting our future options 
for developing sustainable relationships between man and his living resources. 


ig 
x 
Ry 
ae 
5 
a, 
By 


All human beings depend upon plants, directly or indirectly, for their lives, 4 
as do most other forms of life: at least four million different kinds of 4 
organisms depend on about 250,000 kinds of plants. But unless we immediately 
begin to take drastic and innovative measures to preserve them, it is likely 

that tens of thousands of plant species will disappear forever during our 

lives or those of our children. Their loss would amount to a fundamental and : 
permanent change in the character of life on earth, a life whose wealth is 
characterized by great diversity. 


Some 20 plants provide more than 85% of our food and only « few hundred 
species are cultivated widely. Most plant species have never been examined to 
see if they might have properties that would make them useful as food or for 
other purposes in our modern industrial age, and thousands of species have not 
even been given a name or described scientifically. It is against this 
background that an international committee of botanists, meeting at the 
Missouri Botanical Garden in St. Louis on 17-18 December 1984 at the request 
of World Wildlife Fund (WWF) and the International Union for the Conservation 
of Nature and Natural Resources (IUCN), reached the following conclusions: 


1. Tropical Plants. At least two-thirds of the plants in the world occur 
in tropical and subtropical countries. They constitute tne least known 
set of plants on earth. At the same time, they comprise, together with 
endemic island floras, the most highly endangered plants on earth. The 
potential for discovering useful new plants is greater in the tropics 
than elsewhere, but many tropical plants are being lost before they are 

| properly understood. For these reasons, special attention should be paid 

to the tropical and subtropical plants. 


\ 


- : ‘ 2 S 
sbriadltccy Norn ier aos sie lae Scie alii AS Rn ie ds Bit tila Se El leu eS Laake or Merc ros pedi 


plant diversity and distribution in many areas of the world, especially 
the tropics and subtropics. Without this basic information, the rational 
use of plant resources cannot be undertaken. This inventory work is 
| required to provide the foundation for other efforts in the area of plant 
| conservation. 
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2. Inventories. Urgent attention should be given to completing surveys of 
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. 3. Peotected Areas. Cur knowledge of the pretected areas of the worid 
is inadequate for the best management of these areas for the long-term 
preservation of genetic diversity. Surveys of UNESCO Bicsphere ; 7 
Reserves and similar areas should be initiated as a way of uniting the ee ie 
biological and conservation communities and expediting the worid ee 
inventory cf the living resources contained within protected areas. £ 


4. Reserves. When natural and semi-natural areas are converted to 
man-made ecosyztens, & minimum of 10% of the lend should be “4 
established as reserves for plant genetic resources. These areas a 
should include as much of the natural diversity of the region as eS a 
possible, especially because of the general lack of knowledge about 
individual plant species that would allow informed decisions to be 
made. Adequate inventories of the sort outlined above would previde a 
rational basis for such planning before the actual development of the 

- areas. 


5. Bcononic Plants. Populatior + of econoaically.important plant 
species should be preserved tither by in situ or by ex i823 metnods, 
or both, as appropriate. 


6. Unique Plants. Bloloegical distinctiveness, as well as economic 
potential, should be emphasized in selecting particular plant species 
for special- congervation measures. 


7. Land-use Planning: Botanists should be included in land-use 
planning teams, particularly in tropical regions where the available 
knowledge is especially limited. Land-use specialists such as ie 
agronomists and foresters should be included routinely in 
conservation-oriented discussions. Conservationists must also work 
more actively with agriculturists and foresters, bearing in mind that 
conservation and sustainable development can succeed properly only if 
they go hand in hand. 
t 


8. Man-made Landscapes. Many varieties and races of economically 

important plants occur only in man-made landscapes; these races often 

can be preserved effectively only by preserving areas where they are 

routinely maintained. For areas that have already been cleared, as 

much consideration as feasible should be given to reforesting tnem | 

with native species and to the restoration of biological diversity. | 
t 
| 


9. Traditional Uses of Plants. Increasing scientific knowledge of 
traditional plant uses and preserving such uses are important goals 
since such knowledge is rapidly disappearing in the face of the loss 
of traditional cultures resulting from many of the trends mentioned 
above. 


10. Collaboration. Only active collaboration among institutions of all 

. kinds can lead to the improvement of the present situation, to world 
stability, and to the rational utilization of the plant resources on 
which all of our lives depend. The unequal distribution of economic 
wealth and species diversity makes collaboration between developed and 
developing countries essential, but a mugh higher degree of 
collaboration than now exists among developing countries is likewise 
of great importance. 
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ie ll. Dialowue hetveen Botanists and other Censervationista. Greater 


3; efforts should be made both on the part of the traditional 
~. gonservation community and on the part of the community of botanists ie. 
to interact more extensively so as tc be able to work together te 
efficiently for the preservation of she diversity of plants on earth. = 


12. Conservation Information. Those dissiminating conservation 
information should pay special attention not only to its distributioca 
in developed countries, but also, and such more extensively than at «i 
presen’:, to these who live in developing countries. This inforgation 4 
should be written in the appropriate language, and should utilize the 
most suitable media. | 7 ; 


13. Botanical Gardens. Botanical gardens can provide the most important S H 
single point of information for the public on plant conservation 
issues, and they should be strengthened and encouraged to play this 
critical réle more effectively. : 

14. Planning for Botanical Gardens, An overall strategy should be 
developed for botanical gardens so that they are better able to €ulfil 
their missions in conservation research and education. This strategy 
would involve the creation of a worldwide network of botanical 
gardens, improved training oppoctunities for botanical garden staff, 
and enhanced research into the conservation of threatened and 3 
endangered plant species in botanical gardens. ; 4 


ONE MOE PROD AER 


15. Training for Conservation. Effective action in conservation desands 
well-trained scientists and technicians, but there is a severe 
shortage of such people especially in the tropics. Specifically, the 
proper management of gersplasm reserves differs greatly from park 
management in general, and is seldom based on adequate information. 

To address this important problem, increased efforts need to oe made 
to provide appropriate opportunities for training at all levels, to 
incorporate conservation principles as a normal part of piological and 
botanical training, and to encourage the preparation of outstanding 
textbooks and other curricular materials pertinent to this field. The 
establishment of specific degrees in conservation might profitably be 
extended to universities beyond those where such degrees are offered 
at present. ; 
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ABSTRACT 


This paper is a review and assessment of the data availeble on the current 
_ Status and trends of genetic diversity of agricultural crops. The paper 
. Covers the 30 leading crops in the US (average annual value of farm sales 
+ imports combined). ; cout} 


The genetic diversity of a rep comprises the variety of genes in the crop 
itself (traditional and modern cultivars [cvs]) and im those wild relatives 
from which gene transfer is practicable. Genetic diversity is maintained at 


_, three levels of security: long term maintenance (50-150+ years); short term 


maintenance (up to 50 years); and no provision for maintenance (wild pop- 
ulations outside protected areas, and currently grown cvs). This paper is 
primarily concerned with the data on status and trends of crop genetic 


diversity at this third level, since here the risk cf outright loss is 


greatest. 


Current data on status and trends of crop diversity are published in the 
Plant Genetic Resources Newsletter (FAO & IBPGR), IBPGR reports, crop 
specialist newsletters and (to a limited extent) in scientific journals. The 
data are usually presented in the form of brief impressionistic statements 
on cv loss, thrests to wild species, and similar instences of genetic 
erosion. Quantitative dats are seldom providéed--quantitative data on trends 
being particularly Iacking--and there is generally little or no basis for com- 


paring reports on genetic change in a particular crep or region with data 


on the status and trends of other crops or other regions. 


Nonetheless the data appear to be adequate for two of the three purposes 
for which they are needed: (1) to stimulate conservation action (chiefly 
collection of germplasm for ex situ storage); (2) determination of general 
collecting priorities among crops and among regions. Several hundred col- 
lecting missions have collected 100,000 samples in 88 countries under the 
auspices of IBPGR alone, and in the decade 1974-1984 the number of gene- 
banks with long term storage facilities increased from eight to 55. These 
and collecting missions organized by ‘other international and national 
agencies -have been and continue to be planned according to priorities 
determined in part (sometimes a minor part) by current data on status and 
trends in crop genetic diversity. 


However, the data are inadequate for the development of a more broadly 
based strategy of genetic conservation--one that complements long term ex 
situ storage with in situ protection of wild relatives and maintenance of old 
and local cvs by associations of farmers and gardeners. Development of 
such a strategy requires quantitative data on changes in cv composition 
and in wild populations, combined with information on the cultural, eco~ 
nomic and ecological factors that influence those changes. Quantitative data 
are also needed to plan and carry out more specific and localized collecting 
missions. Rice is used to illustrate the need for better socio-economic data 
on cv change. 


Better data are needed for four main groups of crops: (1) low inter- 
national (IBPGR) priority crops of major economic importance to the US 
(such as grape, sunflower, forage crops, ornamental crops}: (2) ‘crops 
maintained in living collections (such as cacao, rukber, Sugarcane, Citrus, 
banana); (3) crops whose collection and characterization are well advanced 
(such as rice, maize, tomato); (4) wild relatives of major crops (such as 
those listed above). 
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This paper is a review and assessment of the data available on the current 
status and trends of -genetic diversity of agricultural crops. The paper is 
organized into two parts. Part 1 contains the review and assessment 
proper. It covers the 30 crops (excluding timber crops) that contribute 
©. most to the US economy, each having a total annual farm sales plus import 
(customs) value in 1980 of $300 million or more {soybean to onion in Table 
1). Together, the top 30 crops make up 60% of the US pliant resource base 
(the combined ahnual value of all plant resources, wild and domesticated, 
produced and imported by the US) (Prescott-Allen & Prescott-Allen. In 
press.) Part 2 (Appendix) provides a summary of data on the status and 
trends of genetic diversity of a representative sample of these crops (the 
118 crops in the families Alliaceae-Gramineae), to illustrate the scope and 
form of the available data. 5 


PART 1. REVIEW AND ASSESSMENT 


By genetic diversity is meant the variety of genes in a crop. These are 


La eo a RE SN TE 
See 
pat 

. 


found in the crop itself and in related wild and domesticated species. Using 
the tripartite classification of Harlan & de Wet (1971), the crop and its 
relatives form a series of up to three gene pools, defined according to the a 


ee ens 


ease of crossability and gene transfer from the related taxon to the crop. 
The crop and its closest relatives (those with which it is interfertile and 


1 
from which gene transfer is generally easy) constitute the crop's primary | 
gene pool (GP1), domesticated forms being designated GP1A and spontan- 
eous forms GP1B. The secondary gene pool (GP2) includes species from | 
which genes can be transferred by conventional means despite crossing | 


barriers and high (but not complete) hybrid sterility. The ‘tertiary gene 


pool (GP3) is made up of species that produce completely sterile hybrids 
when crossed with the crop but from which gene transfer is possible using 
radical techniques (such as embryo culture, colchicine treatment, bridging 
species). (Further definition of the three gene pools is provided in ex- 
planatory note 4 of Part 2 [page 2.1].) 


The genetic resources of the crop itself (the CP1A) can be classified into 
three categoriés: 


* Landraces or traditional cultivars 


* Modern cultivars (subcategorized into cultivars in current use 
and obsolete cultivars) 


* Special genetic stocks (including induced mutations) 


Pree ree 


$A Sehinw tat Spee (Cee ES or = 


f te 
ne ar. 
sasvie ond mm ‘siastawa ated ott $0 tneteenetiet Bee aad 
| > ge et Leger Lxadigahrge 3S eae, tome 16 eb 
ee | oe motets hs, wale oér sabagacn { rw see: end | 
i ities nt (aque sodats yutbulate) eqeow Ol aa, a | 


fi ‘oat eal asisa greet inugne faded & antved wines « Tovrea | 8. 
| de? 01 aint of. casdec Labornh 2 a siaacil to — nal ; de | 
bes » Sec Ele oer) sae ils $0 shes tasate b a 
& maildrsiconsrt) (6G ant ed harpoyim « 
> “ujgle of) @0 138) WO Tine OB OS: re (ceberepge ) &4 
ne ) agers sxacti Ip ite 3 svt oMrseviIgEy & % viensvib 2 rs 
4 eqroe “4 gissten{? o? , (sasmiaeD-~speomllih eotfiort ry 
3 ; | ei viata a 


| Paes rMEMASsORA MA WEIVE 
» ec 4 
A - f ) * 2 8 y orev =43 ines at qierevih 
swt) of Soa bie boletey ot bos Ueatl goa 

: ’ (Tye! soW sh A onlrsh Yo, nolan erals 

‘,  bectoh .clocq.eugg watdl of gee Yo selmee & 

; beieig worl wWiagest. say bie vilide 
iii mets) Bs arias JaSeoin a3 bm 


; u AiaPATS oo (yace vil ersuse ai i9lecett vasy a = 

i ISS totemereeh soled emmot besoitesaob ree 

y uolant (590) Isoq eaeg yrebaooag. off Arq 
ane ‘ing evanea vd betystanext od mEd 

> wT Wilete Gindud Cesslqunes Jon iud) dyid Be 


qn’: byte farld- aeipege Yo qu abem 2 
ew vy doitiw mes? 20d ‘Goro Sif3 ditw be 


iy ee 8eF am ingtyhes , we iiiod oTidme em dque) osu plete 
Lotion 2 sede sne_ send? off Yo opdintish sedtaee 


3 [ie werd). S$ taal lo } ataL iy 
; of. not GAISS pdt) Mowe qors- oi. lo aeotuoee4 
wwvilive leaomibsti 10 86 


. u lars ch enewnttwa ofa! benisogsseodps)-exdebiea y 
} “{erevitivs sislosda 
3 
- 


- | wxiinen boowhet gabbwlust) ecloata ovensy 


ee - ne ie nC 


- Sa <i io a + : 
LSS a a a I LP oD ‘ : , Py 


‘Table 1. Crops grown or imported by the USA with a combined annual ee of 
$100 million or more (average 1976-1980) 


AVERAGE ANNUAL VALUZ 5 


OF CROP 
US FARM SALES & IMPORTS ; 
(US$ MILLIONS) CROP FAMILY 
11,278 Soybean LEGUMINOSAE 
10,412 Corn GRAMINEAE 
6,473 Wheat GRAMINEAE 
4,233 Cotton MALVACEAE 
3,825 Coffee RUBIACEAE 
2,831 Tobacco SOLANACEAE 
3,723 Sugercane GRAMINEAE 
1,83 Grape VITIDACEAE 
1,208 Potato SOLANACEAE 
1,163 Rice GRAMINEAE 
1,150 Sweet orange RUTACEAE 
1,147 Sorghum GRAMINEAE 
1,054 Alfelfa LEGUMINOSAE 
1,051 : Tomato SOLANACEAE 
1,016 Cacao STERCULIACEAE 
815 Apple ROSACEAE 
760 Beet crops CHENOPODIACEAE 
747 Peanut LEGUMINOSAE 
708 Rubber EUPHORBIACEAE 
672 Barley GRAMINEAE 
527 Lettuce COMPOSITAE 
517 Common bean LEGUMINOSAE 
393 Sunflower COMPOSITAE 
368 , Banana MUSACEAE 
365 Cole crops CRUCIFERAE 
355 Almond ROSACEAE 
_ 349 ; Peach ROSACEAE 
314 Coconut PALMAE . 
304 Oats GRAMINEAE 
287 Onion ALLIACEAE 
252 Strawt.erry ROSACEAE — 
219 Grapefruit RUTACEAE 
198 Chrysanthemum COMPOSITAE 
192 . Cucu:nber CUCURBITACEAE 
189 Melor CUCURBITACEAE 
; 186 Pineapple BROMELIACEAE 
179 Roses ROSACEAE 
167 ~ Celery UMBELLIFERAE 
264 Walnut JUGLANDACEAE 
158 Peppers/chilis SOLANACEAE 
156 . Jute TILIACEAE 
155 Plum/prune ROSACEAE 
148 Sweet cherry/sour cherry ROSACEAE 
146 Year ROSACEAE 
144 Olive OLEACEAE 
143 Oil palm PALMAE 
142 Carrot ’ UMBELLIFERAE 
142 Pea LEGUMINOSAE 
136 Lemon RUTACEAE 
130 Bermudagrass GRAMINEAE 
128 Tea THEACEAE 
| 116 Watermelon CUCURBITACEAE 
116 Cashew ANACARDIACEAE 
110 Sweet potato CONVOLVULACEAE 
E 102 Pecan JUGLANDACEAE 
100 Azalea/rhodedendron ERICACEAE 


urce: rrescott-Allen & 


rescott-ALien. In Press. . 
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‘The neutral terms "traditional" and "modern" are preferable to their com- 
monly used counterparts, “primitive” and “advanced". The genetic diversity 
of traditional cvs has two dimensions: between sites and populations; and 
within sites and populations. The former is mainly a matter of spatial 
heterogeneity; the latter a matter of beth spatial and temporal hetero- 
geneity (change between seasons and in response to longer term ecological 
and socioeconomic change) (Frankel & Soule 1981). As modern cvs have 
replaced traditional cvs both dimensions of genetic diversity have declined: 
fewer cvs are grown and the. cvs are more uniform (but see also the 
paragraph on the sequence of varietal change, page 1.13). 


This decline in diversity has generated two distinct concerns. First, con- 
cern over the extinction of genes, genotypes and gene pools (populations), 
resulting in the outright loss of the raw materials of crop improvement. 
Second, coucern that increased uniformity of crops increases their vulner- 
ability to destruction by pests and diseases. The second ccncern is the 
lesser because: (a) uniformity is reversible while genetic ex‘inction is not; 
(b) it is the availability of alleles for resistance, not genetic diversity per 
se, that reduces a crop's vulnerability to pests and pathogens (Brown 
1983); (c) the uniformity of a crop can be reduced and resistance alleles 
can be introduced as long as a high degree of genetic diversity overall is 
maintained (in collections and protected areas as well as in growers' fields) 
and is available for use by breeders. For several major crops in the 
United States, breeders keep ready for use when needed a substantial 
supply of genetic diversity in the orm of cultivars under trial, parental 
lines, synthetic populations and other breeders' stocks (Duvick 1984). In 
other words, the second concern is a dependent concern, the first is 
basic. 


This is not to belittle concern over uniformity, particularly over cytoplas- 
mic uniformity, whether due to wide use of the same maternal parent as in 
modern cvs of rice (Hargrove, Coffman & Cabanilla 1979) or to use of a 
single source of cytoplasmic male sterility as in sunflower hybrids (90% of 
the crop: Fick 1978) and sugarbeet hybrids (Bosemark 1979). The emer- 
gence of a pathotype that is virulent on a widely used cytoplasm could 


destroy a high proportion of the crop (as did race T ef Helminthospor.um 


"a 
on 


id ead ie ae RA: , . Tal 

w< * Pins ." ie “adi * - _ 
io aon Cosma eo * adh tiny: oe 2 sae 

t P —" - “ 


-oyt? of sidgteleng ors “oaehem” Bes 11y 

gweey eal .“beonevbe" a sesthbeeg” + oe am 
iegog See eet messed .;anclemsged ait ek wa sotau 
b g:! thas e+ -apa@ot «JT -Sgetpaloqeq bas he 


' ban ieee Ges Ww whew 7 tive 62} he a 
a oaal o! senedesy al fee saeeten gpeetad opsaday ry 
P ir J POM Ga tnt Ci eufee & cums) Cogeefis ha Pit: “y 


) OF “ 2s ¥ 4 mae a | wo iit 2st Se th hs od sv'> bananas | bi 
é 
a Sep te = ott So eo De. WOT wis, beck 


} 
rs 
- 


— 
= 


7 


»% 


.vared> Lideisay 3 FQURY PRE © a a9 3 ees) 
%; . y 
SUE oui 2.3 basy sec: Yorsevip 


; oq cory Dak seqysoney -,comsy to agitate eat game 


* » ~ a oe : = 7 
Dae » gf ‘ vax +1! eee: jJosriive.onmy a 


hy 
> 


a 
Ly Pre A ; a A ne 69190.. 667 £2 RA 
1 - . - = 


: ——- 
wi 


wy GA. «<s : bane #23099 TO NO aus] apyo ot 


* a , aS 
oti rtve sven ot Viet is) seeuseed ae 
Ne ha , s al a 
; .. ep fon . f r 1? a¢isella lo viiidaligvs sa) 22a 
s . ie - 7 


5 peas ciuy é ws ry S - 990087 > 


: ais; : mo? OCR) BB. 2..¥ laryolina oct (a) 


i in o8 28 @ 8) 2s besubeting 
yt? 5 ; 25 vas be iy bas anotioelias at) Beaiae 


fir 
Lam: se7eves Tahesid Ys sty Ol siteiaye, 
2 woobesid .,2eegate Be 
' ow ft 19VID cheney 19. gE 


\ 


b29 uilo Bas eooleleqeq sitediqys ae 


; “> 
¥a32? vmegeh « ef sieogos Dbaease 24) (sbI0n ae 


olin weve treeanco sifided of ds 
TT d? Yo sew oblw oj swh agiiedw ,Winrtolkal 
{. 2i cz ) coaTigu ,2ve7Tgmh) eit. 16 8N2 rts! 
‘ae ¥idival2 slam 5 neulaotys lo eonwoR 8 oft 
° | aneeod) shndyd Rae bag (ever aati 7 
rhea 


y bisa ’ 14 3 melwuy ai edt bt | odieq: Py 
GT SLA 


; pain. BID - kA) bev ices aut Yo. OL OQeIg gts f 
Cer is WE a 


st OR a SED 


ps eo i A a Et 


ee ae A 


maydis with respect to T cytoplasm maize [Committee on Genetic Vulner- 
ability of Major Crops 1972)). Point (c) above still applies, however: as 
long as alternative cytoplasms are identified, conserved and incorporated 
in breeding lines (and as long as the crop is monitored for outbreak of 
new pathotypes) the crop can be protected. 


The total genetic diversity of a crop is maintained at three levels of 
security: (1) long term maintenance (50-150+ years), as provided by long 


‘term seedstores and in vitro collections and by protected areas (such as 


nature reserves); (2): short term maintenance (up to 50 years) and 
specialist use, as provided by breeders' and research collections and by 
grass-roots (associations of farmers and gardeners) collections of tradi- 
tional and local cvs; (3) no provision for maintenance (including general 
current use), as exemplified by wild populations outside protected areas 
and by modern and traditional cvs currently grown by farmers and 
gardeners (other than specialist collectors). These three levels and their 
components are linked by gene flow, with germplasm transferred from level 
3 to levels 2 and 1 returned to level 3 by the introduction of new cvs. The 
ideals of conservation are: (a) to keep as much of the total genetic diver- 
sity as possible somewhere in this system; (b) to have as much as possible 
at level 1, where the risk of outright loss is least; (c) to have as much as 
possible at the other levels as a matter of insurance. Because of the 
limited storage capacity of level 1, redundancy of accessions maintained at 
that level is generally undesirable; but redundancy among the three levels 
adds to the security of the system. 


This paper is primarily concerned with data on the status and trends of 
genetic diversity at level 3 (wild populations in their native habitats and 
currently grown cvs, particularly traditional cvs), since here the risk of 
outright loss is greatest. 


The first and probably the last attempt at a comprehensive survey of the 
status and trends of crop genetic diversity was organized in the early 
1970s by the Food and Agriculture Organization of the United Nations 


(FAO) and the [International Biological Programme of the International 


| 
[ 


A ne a An nr RR CN 


FRE ee rn 


~ a al r “ = ; 
= ris hy «. vr! - ~— 
Dime Pe tS $>. t Dive inet 


s 


ree s 


fee 


a _ 
$s Fareol 
H i. \~ * ~ 
! Ly ee 
i ° 
~ . 
7 vets 
, eae = 
, ai* 
& ne alo, 
> ~ 
x 
a) a 
i 
La ite 
e : weit 
f : 
~ 
= + . 
“ é @ 2 
» 
~ on 
' > Jeeta 
‘ 
- 
"Te } ved 
> 
re hs , 
‘ 
. 
5 . 
1 
agit Par) 
a : 
7 * 
ra 
. 
» ca 
ae bal or 
2 LABFTO 
a) 
“ 
« 
, 
. 
yt 
. 4 
28 t* a 
= 
oe 
A 
| 
5 
@ 


ras 


ré 


iA . 


chem. fo aanbeine’Y} amieer nesiepingy ‘T ‘eo ' bos inoue 4 


‘tid qot-pewdicoas «i deip adi a gel Ls nn) “te 


SHY $4: beaeretoing - ak aom = Ts ‘rhe 
Veet on”. Ceveeg’ DCT-0e5 eonnaarvinat aris arn 


Jeakingd® She Soetls 09° tahoe CESMT” eGbid sabe 


rae E 


t bye: bhecisaare . betieiae s Pet) neta uf sy =n — 


roel 
ae 


“hy . | raping: eal aap ae 2039 ont” eins a 


ey oo oa aa eat 


we 


te 


"8 ‘pajoeie utr bas cnoliceliso “ouy ai ine 

‘wor 4 AED : 7st" Rett i {¢ are .: F ‘ses 
oa 1 bow ‘aisheatd yd Bshiveosq te a ti 

alias (914 ae brio - erage? - inoinuiekea) 1 


aisatY & ; 5 | we “O7 f a UV Ta on t% ” evo eet Sa 
, Dibw vi salts emake sg all 
? ic iaerme- aes “tes ibe? bint re oat . 


‘oa Tt | ci oT ‘yp tats: > Trl einede real} yartio) - > 


._ - bee | 7 ay! ee row, 

“J z0ocW maclqeriey dpe .woll saa’ ¥d bain sts FES 
: 7) 

to noticia bor 78 t isvsl of bor vier I bass fen 


to) ae Cua et weet Of Ca¥ oom om reverands 3 
# syed of (@). 7e@ateve 214) af sustiwamod sige 


-{o%_:Seaet ai saol-Gaergvo i¢-Aar on wustiw" 


5 st Yo yeisem’ a ae  elstdal--redto ait a 
Fe 2 a as * ah ry la’ ie | leas! Fad wioaqns sgn Pay 
OL? (yO ono russ  +eladtiesh ras” vite a4: coy x ; 


_  teateya’ ort Yo qrbrusee odd 6 


= * 7 > 


‘i as 


¢ eaters “ty ge -etah dglw bertteoneo Yiusating oF tq 
evita aed “ee eae te 1qQoq biiw ) z lewal Jz ViewwibS 
‘aH sacks (eve lenotiihew Urdlwotrieg ava cw 


- festéery ah 2eof dt 


tre guity, & rages gets te al ria Dit 2uykis eis ae side 


a ee ly TA 


oe > 


ryedl Sy nega B Je Jqam a ‘taal, ‘oil udedorg. bes. 


” 


ely eh wanevil | asR9g. sot Ne gbragyy. 
4; to cookbenlar ren “ugar baaheot Ay 
io ‘ani eargon't heormato a Igaoldn sf 


"Vee 2 on 


eS eS 


eS SSS 


pS Be 


A ARE OLR I IE IESE Fe 


Ate! 


ees 


Council of Scientific Unions (IBP) (Frankel 1973). The survey concentrated 
on traditional cvs of food crops in their centres of diversity with the aim 
of directing germplasm collection efforts to those areas where genetic 
diversity was still great and where the risk of its loss was high. Nonfood 
crops were considered a lower priority and wild and weedy relatives were 
regarded as being less immediately threatened with extinction. Because of 


. the need to assemble the information quickly, before the genetic resources 


reported on disappeared, the survey relied entirely on the field notes and 
‘other informal reports of scientists working in the regions, plant ex- 
plorers, evolutionists, crop specialists and the like (Frankel & Soule 1981). 


The informal reports of scientists and others who work most closely with 
crop genetic diversity (plant breeders, taxonomists, geneticists, economic 
botanists) continue to be the main source of data on status and trends of 
crop diversity. The data are published in the Plant Genetic Resources 
Newsletter (of FAO and the International Board for Plant Genetic Resources 
[IBPGR]), the reports of IBPGR (notably its series of reports on the 
genetic resources of particular crops), reports of germplasm collection ex- 
peditions (for example, Berding & Koike 1980), and the crop speciatist 
newsletters (such as the Cruciferae Newsletter, Cucurbit Genetics Coopera- 


tive, Oat Newsletter, ISSCT Sugarcane Breeders' Newsletter, International 


Pigeonpea Newsletter). The crop specialist newsletters vary greatly in the 
apparent interest of their correspondents in the status and trends of the 
genetic diversity with which they work (reports often appearing in some of 
them--for example, the Cruciferae Newsletter--and seldom or not at all in 
others). Economic Botany covers the issue, and scattered data can be 
found in other scientific journals but at a very low frequency. For wild 
relatives of crops, additional sources of data are the Red Data Books and 
other national and regional lists of rare and threatened. plant species des- 
cribed by Synge (1985) in another paper in this series. 


The scope and form of the available data are illustrated in Part 2 
(Appendix), which either quotes directly from the original sources or 
Summarizes them in language that is close. In general, there is at least 
some information on the GP1A of each crop, and the amount and detail of 
the information declines from GP1 to GP3. Exceptions are those crops 


(such as sugarcane) in which substantial breeding effort and germplasm 


NY ADA. SPREE TLS I a IIIS IE ONO TA TERE NO 


metatieiintemmeineee Ee 


eFir 
al 

: 

: 

> 


‘ 


ee 


a 

- eee | 
= 1 x a 

aes tard oS -. ORE Igntee st) ($88) 3 aceon oftee ae 
as ; : tin : lanok 
vit Sibe Sihszetety te aenteed cipal egos: shied rg 
ee a coca peliboe memgltia 
for t g@utt ewe abel 63% “» dane Paocio bra terra © 
tey Shee Tice “aw: tae ‘agian weve gs bows 


¥ 
Pi) 


a 


ms , ohen ~ 2ea3. sa0%80 ...7 357.14) * neha vsaiied eat aidmsees 
ori Bia) eft oo zleits site f gore One”; bsoog geal 
eae 2 7 af ~woltiow eitd@oine Fo aieeys 


Tevet it) alt = , bac ey, cae gon Ba 


_ ends iibent arn nr echeneasioa Ie atroges, 
bee Serekes) ierewib 


rE a rer? ; 23 mpos5 J inf et % aTI2 “07 P| 

: oitasiies -quighgareee do atrogqes laqera welevliaq. 20 certo 

is sae- Qrs cap -. (Goi, wlind. & polbree .. -eaq ERS te ay 
SORCas esa 2 Jd3gSti. 308 owes me Ne out af SF Oe P ae 
misie@usics. Tapeworm. = bowiG grea pagy Z eo! - witolg awit 8 8s 


2iseqe gow odF ‘ratiotewold 
zieshbnogesyics teddy lo Ja ovssa 


ywene mi yievevees astle ate) dom Yen jioldew aiiw tiers wit 7 


i veew @ te-tvd alamwe .oniaeie sa9b0 


aa 
. 
° 
e 
By 
a 
«= 
= 
- 
= 
> 


seg ated. ball cs ome sie .to, aaoyee Leneuibhs -.3qot yo 88 

& -sieene tag Leese Dae weet lo ete JanorgeT Das: israel ys 

io 4 getyee 2k! mb, wegeg.sediene 4.16801) syaye ge 
‘ 12. * é. ~ ‘ery ria : oa on 

Svel. A. }cinpean-- se. a sb. sieeve sh). Yo aig) bas 7 pe » 
) saytarce: fear yi4e aff wap) Mowe asioup apdisie dower Call 
ack 33, 42 Spach. 12ers ft. orate. ab Ford egeugeul a, mail 
Ye: Thode Dans . Reprzate «0a? eta GID, i178 0 Alto oth). uP, al BETIG: 


a? 
| ry 
i 
i 


4n- aoa. «a. engaged .. C10, «2 190 at] aaniioob 20 eT 
iqtaey Sak Ince geyoesie jedi insa gy “skater nt (ene: 


ia 


| 
a 
i 


Sen eee y 
8 


ELBA ZAM EB A, LS ME [POISE EE bs SSE Le Ey TREE 
Log Ra Se os ae WS SS A ey See 7 ex ’ : . erie 
ont aap RED = LN, St 5 ‘ bf 


5g 


collection is devoted to the GP2 and GP3, with a corresponding increase in 


information on the status of the genetic diversity of those gene pools. The ; 


form of the data is usually a brief, impressionistic statement: “it may not 
be long before landraces are irretrievably lost"; "many locally edapted cvs 
have been replaced by modern cvs"; "in geveral countries important old 
cvs have been lost"; "the risk of losing significant amounts of germplasm 


is already high and is expected to increase"; "Beta maritima is in danager 


of genetic erosion". Some statements are extremely brief: genetic erosion 
in a country is stated as being "high" or “low" or a species is classified 
as “rare", “endangered" or "vulnerable" without any supporting data. 
Information on status that is quantified is exceptional; quantified infor- 
mation on trends is more exceptional still. 


Quality of the available data 


The quality of the available data is best assessed in light of the purposes 
for which they are gathered. The two main purposes have been to stimu- 
late conservation action (chiefly collection of germplasm for ex situ 
storage) and to help in determining priorities within and among crops. A 
third purpose is seldom stated but might reasonably be assumed: to help 
in developing effective conservation strategies (that is, appropriate 
mixtures of institutional ex situ, grass-roots ex situ, and in situ conser- 
vation). 


With respect to the first purpose the data have been entirely adequate. 
Since the early 1960s when FAO and IBP began to mobilize concern about 
genetic erosion, and particularly since 1974 when IBPGR was established, 
the global state of germplasm collection and storage has been transformed. 
Between 1974 and 1984 IBPGR fielded more than 300 collecting missions, 
which collected more than 100,000 samples in 88 countries (Lawrence 1984). 
During this period the number of genebanks with longterm storage facilities 
increased from eight to 55 (Hansen, Williams & Freund 1984; Plucknett et 
al. 1983). IBPGR has concluded that by 1990 all major cereals and ‘several 
other crops will have been adequately collected. From 1984 it has shifted 
its operational emphasis from general collecting over wide areas to a com- 
bination of more specific and detailed collecting on the basis of intensive 


fieldwork (ecogeographical surveys), accelerated collection of wild materials 
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(GP1B, GP2, and in some cases GP3), and post-collection activities 
(characterization, documentation, multiplication, and duplication of samples 
in genebanks) (IBPGR 1984; Lawrence 1984). 


The adequacy of the data for determining priorities among and within crops 
is more difficult to assess. Since 1976 IBPGR and the many national and 
international agencies with which it cooperates have determined priorities 
among crons and regions and organized exploration and collection accord- 
ingly. The status and trend of genetic diversity of each crop has been only 
one of the criteria used, others being the economic and social importance 
of the crop, the requirements of plant breeders and research workers, and 
the size, scope and quality of existing collections (CGIAR 1976). This last 
criterion, which should be rather easy to apply, has instead been very 
difficult, due to inadequate characterization and documentation of acces- 
sions and considerable redundancy in the collections (for example, about 
60% of the 85,000 accessions of barley in European collections are dup- 
licates) (IBPGR i984). In recent years it has been supplemented with a 
_related one--progress in implementing action plans for each crop, 
particularly progress with collection initiated in the 1970s and 1980s. 


By the end of 1983 IBPGR had developed action plans and begun their im- 
plementation for all global first priority crops (wheat, Phaseolus beans, 
cassava, sweet potato, coffee, tomato) and for 85% of the global second 
priority crops (IBPGR 1984).. As an example of the effectiveness of these 
action plans, 12 of the 25 countries of the Mediterranean, Southwest Asian 
and Central Asian regions designated for germplasm collection under the 
wheat action plan were thought to have been adequately collected by the 
end of 1983 (IBPGR 1984). The action plans vary in the importance 
attached to genetic erosion as a criterion for determining priorities. Of 12 
recent action plans, six base their priorities 50/50 on genetic erosion and 
‘On some other criterion (usually representation in existing collections, but 
also economic importance and breeding needs): onion (Astley, Innes & van 
der Meer 1982); cole crops and other crucifers (IBPGR 198l1b); sugarcane 
(IBPGR 1982b); coffee (IBPGR 1980); tomato (Esquinas-Alcazar 1981); and 
cacao (IBPGR 1981d). The other six do not explicitly relate the prisrities 


to genetic erosion (although it is usually mentioned in general discussion) 
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or treat it as a minor criterion: sweet potato (IBPGR 1981a); wheat (IBPGR — 


1984); Phaseolus beans (IBPGR 1984); banana (IBPGR 1978b); coconut 
(IBPGR (19788); and Capsicum crops (peppers/chilis) (IBPGR 1983). 


On the face of it, therefore, the data have been adequate for their second 
purpose, since priorities among and within creps have been determined and 
acted on. As noted in the last section (page !.21), several crops of major 
economic importance to the US are undergoing genetic erosion and their 
long term conservation is poorly provided for--but it is doubtful that 
better quality data on genetic erosion alone would have changed their 
status. There is no question that during the 1960s and 1970s traditional 
cvs of many crops were being lost at such a rate that the need for rapid 
and concerted collection greatly outweighed that for precise data. Partly 
because many landraces have disappeared from farms and gardens, and 
partly because much of the germplasm collection most urgently needed has 
been done, conservation requirements have changed. Collecting is still 
needed but it should be targetted more precisely. The longterm main- 
tenance (including regeneration) of the germplasm collected so far must be 
assured; and the germplasm should be evaluated. Finally there is a need 
for a broader strategy of germplasm conservation--one that makes use of 
all means of conservation rather than being dependent, virtually 
exclusively, on ex situ storage by government agencies and major research 
institutions. 


Both the development of such a strategy and the devising of more specific 
collecting work demand better quality data. Currently data are most 
precise for areas where genetic erosion is complete or almost complete and 
for wild relatives with restricted distributions (narrow endemics). Examples 
of the former are: the winter onion crop in Egypt now consisting of a 
single cv (page 2.3); the complete replacement of local cvs of wheat by 
introduced cvs in the Caspian Sea zone of Iran (page 2.22); and the 
abandonment of spelt as a crop in the Netherlands together with the loss 
of the last remaining collection of Dutch landraces (page 2.24). Examples 
of the latter are: the halving of known surviving populations of Helianthus 
paradoxus from four to two (page 2.6); the halving of the range of wild 


annual taxa in the GP1B of maize (page 2.30); and, on the positive side, 
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confirmation of the low risk of genetic erosion of Beta procumbens and B. 
webbiana (page 2.5), Helianthus anomalus (page 2.6), and Brassica cretica 
(page 2.9). 


The next level of precision is illustrated by the data on rice in South and 
East Asia (pages 2.15-2.17), which indicate the percentage of the crop 
area still grown to traditional cvs. Unfortunately, there is no indication of 
what relationship (if any) there is between the area occupied by traditional 
cvs and the number and diversity of the cvs still being grown. Reports 
that combine data on area and on numbers of cvs are rare and difficult to 
interpret. In a survey of Central Luzon (Philippines) the proportion of the 
wet season rice area grown to traditional cvs dropped from 100% in 1966 to 
33% in 1970, 32% in 1974, and 6% in 1979; the number of traditional cvs 
grown dropped from 25 in 1966 to 11 in 1970 and 1974, and 8 in 1979 
(Cordova et al. 1981). This suggests that the rate of cv loss was not as 
great as the decline in cv area. However, lists of cv names can give a 
false impression of diversity, since several names may be given to essen- 
tially the same landrace or (conversely) the same general term may be 
applied to several different local cvs. In some cases (for example, wheat in 
Mountain areas of. Greece, page 2.25), the apparent persistence of 
traditional cvs may mask the replacement of highly heterogeneous pop- 
ulations by a few, less diverse landraces. 


In fact the better data raise as many questions as they answer and point 
up the need for detailed analyses of those factors that accelerate genetic 
erosion and those that promote grass-roots conservation of genetic 
diversity (loyalty to traditional and other local cvs). 


While there have been a number of studies on the diffusion and adoption of 
modern cvs, apparently little attention has been paid to the persistence of 
traditional cvs (which may not simply be the obverse of modern cv adop- 
tion). There are great differences in the rate and extent of adoption of 
modern cvs--among crops, among countries, and among different parts of 
the same country. These differences have generally been attributed to 
environmental factors. Since their almost simultaneous introduction on a 


large scale in the mid-1960s, modern (short stature, fertilizer responsive, 
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photoperiod insensitive) cvs of wheat have come to occupy a larger 


proportion of the whest area than have modern rice cvs of the rice area 
(Table 2). The difference hes been explained by the greater size of the 


_totel rice area and its greater environmentel heterogeneity, so that a much 


greater diversity of types of rice cv ie needed to pecans the same bio- 
logical advantage over local cvs (Herdt 1980). 


' Table 2. Estimated area of modern cvs of wheat onal rice in ec cobine 


countries, 1976/77. 


Region ----Wheat---- wo--Rice---- 
‘ 000 ha % of wheat 000 ha = % of rice 
. area area 
South & East Asia 19,672 72 24,200 30 
West Asia & North Africa 4,400 iT. 40 
Tropical Africa 225 23 115 3 
Latin America 5,100 41 920 13. 
TOTAL 29,397 44 25,275 28 


Note: data rounded to nearest 1,000 ha & 1% (500 ha & 0.5% rounded up) 
Source: Dalrymple 1978 


The rather narrow range of environments to which modern rice cvs have 
been adapted (until recently) help to explain differences in the extent of 
their adoption among the countries of South and East Asia (Table 3). The 
modern cvs have been almost completely adopted in the fully irrigated, 
more fertile parts of the region. These are areas where farmers' risks are 
relatively low, predisposing them to invest in the fertilizer, pesticides and 
water control needed to realize the high yield potential of the new cvs. By 
contrast the bulk of farmers growing rice under rainfed conditions have 
not adopted the modern cvs because of the higher risks involved and the 
high cost, impracticability or unavailability of the technologies required to 
obtain reliable yields. (Jennings, Coffman & Kauffman 1979). Thus in 
Indonesia modern cvs are largely confined to irrigated and rainfed lowland 
below 500m elevation (72% of the rice area). Above 500m the modern cvs 
take a longer time to mature and have high levels of sterility, and 
traditional cvs are preferred (Bernsten, Siwi & Beachell 1981). 
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- Country 000 ha % of rice area 
Bangladesh 1,768 | 18 
Burma 288 6 
India | 16,882 42 
Indonesia '5, 216 63 
Korea (Rep. of) : . 929 76 
Malaysia . 316 (1977/78) 53 (1977/78) | 
Nepal 313°.” 25 
Pakistan 1,015 50 
Philippines 2,512 "72 
Sri Lanka 491-611 68-85* 
Thailand 1,100 12 


LC CC AS tse ne esse esas-eennnestgterentein nsanaseun 


Notes: data rounded to nearest 1,000 ha & 1% (500 ha & 0.5% rounded 
up) 
*depending on definition of modern cv (higher figure includes 
"H" cvs developed in Sri Lanka & introduced in the late 1950s & 
early 1960s) 

Source: Herdt 1981 


In Sri Lanka the "new improved" cvs (short stature) are grown in the so- 
called stable rice environments with adequate water, fertile soils and high 
solar radiation. "Old improved" cvs (the "H" cvs, developed from landrace 
material) are grown in the "moderately stable" ‘rice environments where 
water supply is less assured and soils are less fertile. The traditional cvs 
remain in pockets of "unstable" or poor rice environments with mineral 
excesses or deficiencies and subject to flooding, drought and other 
problems (Gunawardena 1980). In Bangladesh modern cvs occupy 62% of 
the boro rice (irrigated dry season) area (1978/79 data) but only 13% of 
the aus rice (rainfed dryland) area and 12% of the aman rice area (trans- 
planted aman rice is rainfed, broadcast aman is deepwater) (Herdt 1981). 
The modern cvs are quite unsuitable for vast areas of Thailand because of 


lack of irrigation water or of water control (Awakul 1980). 


: Table 3. Area of modern cvs of rice in South and East Asia, 1978/79. 
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Many other factors are involved, of course. The rapid diffusion of the 


modern cvs in Indonesia has been attributed to a combination of rehabili- 
tation and expansion of the irrigation infrastructure, organization of 
farmers' groups, effective extension services, government pricing policies 


-(for chemical inputs as well as for the crop) and the incidence of brown 


planthopper damage (to. which PB32 (Indonesia IR32] and its successor cvs 
are resistant) (Bernsten, Siwi & Beachell 1981). 


Jennings, Coffman & Kauffman (1979) suggest that the ecological and social 
factors that limit the adoption of improved cvs (and hence foster the per- 
sistence of traditional cvs) are strongest in a crop's centre of origin. They 
believe that four generalizations can be made about the improvement of 
major food and industrial crops within their centres of origin: 


"Yields are lowest within the centers of crop origin. 

"Yield-limiting factors are most numerous and complex in the centers 
of crop origin. 
"Resistance to changes in crop production methods is greatest in the 
centers of origin. 

"The impact of any technology is least within the centers of crop 
origin." 


Among the factors that explain these characterizations, Jennings and his 
colleagues cite two. First, that within their centres of origin crops are 
subjected to intense pressure from pathogens and pests that have co- 
evolved with them ("the number of important pests within areas of origin 
always exceed that found in distant production areas"). Second, that crop 
varieties that have developed through natural selection in their centres of 
origin are “vegetatively large and vigorous and have great intra- and 
inter-specific competitive ability". Improvement of their yield potential 
inevitably reduces that competitive ability. 


These generalizations may apply to regions of diversity rather than centres 
of origin, and more to tropical regions of diversity than to temperate or 
Mediterranean ones. Even if they are only partly applicable, they have 


profound implications for conservation strategy, since they suggest that in 
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some regions of diversity there may be a limit to genetic erosion. The 
recent history of varietal change in rice lends support to this suggestion. 
Varietal change has generally been in the sequence: traditional cvs - 
phase 1 modern cvs (pureline selections of landraces; improved cvs of 
conventional height) - phase 2 modern cvs (high response, broadly 
adapted cvs; improved cvs of short stature) - phase 3 modern cvs (high 
response cvs adapted to locai conditions). The first two phases involve a 
progressive decline in genetic diversity; but the third seems likely to 
increase genetic diversity (of the crop in regions where the cvs are. 
grown) through the incorporation of diverse sources of germplasm 
(including local and other landrace material) adapted to the various local 
agroecosystems. In India, for example, improvement through phase 2 
“modern cvs greatly increased yields on some 28% of the rice area; but 
development of high response cvs suitable for the remaining 75% (dryland 
or poorly drained areas) has required programmes to _ breed 
location-specific cvs (Pande & Seetharaman 1980). Most of the donors for 
resistahce to major biotic and abiotic stresses have been Indian, such as 
the traditional deepwater cv Nagaribao crossed with the phase 2 modern cv 
Pankaj (IR5) to obtain high response deepwater lines (Pushkaran & Rao 
1985S). . 


Examination of the Jennings-Coffman-Kauffman hypothesis, and of its 
relevance to trends in crop genetic diversity, requires more detailed and 
precise data on the cvs themselves (genetic and agronomic characterization 
of each cv), on the actual changes in their use (time series data), and on 
the ecological, cultural and economic variables that influence their use. 
Cultural and economic data are as important as ecological data, it being 
unlikely that traditional cvs survive only in those agroecosystems that are 
hostile to the modern cvs. Java-Bali, the largest area of modern cvs in 
Indonesia, is also the largest area of traditional cvs (Table 4). A strong 
motive for growing them is that several (for example, the scented cv 
- Rojolele) command a higher price than modern cvs. After years when 
brown planthopper damage was not significant, farmers have tended to 
revert to these cvs (Bernsten, Siwi & Beachell 1981). 
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Table 4. Average area of traditional cvs of rice in Indonesia, wet seasons 
3 es 1977/78 to 1979/80 | 


Region | SHS 000 ha |  % of rice area 
Java-Bali 680 18 
Sumatra 470 32 
Kalimantan 410 5 60 
Sulawesi wali 120 24 

_ Nusatenggara & Timor 90 32 
3 TOTAL 1,770 — 27 

- se 


Source: Bernsten, Siwi & Beachell 1981 


Farmers' taste preference for "high quality rice" is also given as one of 
the main reasons for the persistence of traditional cvs in north Sumatra 
(Bernsten, Siwi & Beachell 1981). Scented or aromatic traditional rices 
(such as Basmati of India and Pakistan, Dulha Bhog of Bangladesh, Khao 
Dawk Mali of Thailand, Azucena and Milfor of the Philippines, and Rojolele 
of Indonesia) are prestigious and expensive (Khush, Paule & de la Cruz 
1978). Among the 1302 old and recent local cvs collected in Japan from 1962 
to 1965, 42 were old scented cvs (mostly from -Kyushu in the south). 
Perhaps more striking still is that some 45% of the cvs were glutinous, 


probably because breeding effort has concentrated on nonglutinous cvs and 
because the glutinous cvs were grown almost exclusively for home con- 


sumption and so "farmers were indifferent to the exchange of varieties" 
(Nagamatsu & Omura 1975). Glutinous or waxy rices are grown in Japan 
and China for sweet confections and other special dishes and are the 
staple rice in Laos and northern Thailand. They are characterized by an 
almost complete absence of the starch amylose. 


Most rices are nonglutinous (or nonwaxy): the japonica cvs of temperate 


; regions have low (10-20%) amylose and cook moist and sticky; javanica cvs 
of Java, Bali and the hill terraces of Banaue (Philippines) have inter- 


mediate (20-25%) amylose and cook moist and tender, remaining tender when 
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cool; typical indica cvs of the Indian subcontinent, Burma, southern - 
Thailand, Vietnam and most of China have high (25-30%) amylose content 


and cook dry and fluffy, becoming hard on cooling (Awakul 1980; 
Bernsten, Siwi & Beachell 1981; Khush, Paule & de la Cruz 1978). A 
survey by the International Rice Research Institute (IRRI) has found that 
even where indica cvs are grown intermediate amylose rices are preferred 
(Basmati, for example, is intermediate) (Khush, Paule & de la Cruz 1978). 
However, all but four of the 23 cvs released by IRRI between 1966 and 
1980 have high amylose (Khush pers comm. 1982). It is not surprising that 


' traditional cvs persist in situations in which a premium is put on taste and 


cooking quality. (Grain quality involves other variables besides amylose 
content--length, shape, appearance, ‘proportion of whole grains recovered 
from milling, time required for cooking, tenderness, aroma--which add to 
the complexity of breeding rices with high consumer acceptability . ) 


Similar examples can be found for other crops and other regions. Viilagers 
along the eastern slopes of the Peruvian Andes prefer traditional cvs of 
potato to modern cvs because they can grow the former without the ex- 
pense of buying seed, fertilizer and pesticides and because only the 
traditional cvs have the texture and taste they expect (Brush 1977). There 
may in fact be fairly well defined circumstances in which the special 
qualities of local cvs outweigh the modern cvs' advantages of high yield 
and high return per unit of labour (even in areas where the risks of ‘using 
the modern cvs are low). With respect to food crops it is possible that 
genetic erosion will be highest in that portion of the crop grown for sale, 
while persistence of local cvs will be greatest in that portion of the crop 
grown for home consumption. It is a hypothesis worth exploring. 


An understanding of the cultural and economic factors that may promote 


the loss of some categories of cv and the persistence of others and that 


may lead some individuals and communities to adhere to their local cvs while 
others discard them is essential for more effective conservation of crop 
genetic diversity. In developed countries a valuable additional means of 
conserving germplasm has emerged with the rise of organizations of 
gardeners and farmers dedicated to maintaining and exchanging old and 


local cvs. Examples are Seed Savers Exchange and Native Seeds/SEARCH 
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in the US, Canadian Organic Growers in Canada, and Henry Doubleday 
Research Association in Britain. Similar initiatives could be started in 
developing countries, perhaps using the very organizations that have 
__ helped to diffuse the modern cvs. An example is Subak, the indigenous 
water users' association in Bali (Indonesia). Subak is a highly organized 
_ social system that has been mobilized for the introduction of new tech- 
be nology, and to which many observers have attributed the rapid intro- 
duction and adoption of the new rice cvs (Bernsten, Siwi & Beachell 1981). 
In Sri Lanka the Henry Doubleday Re-:earch Association has set up 4 
"sanctuary for rice and vegetable varieties" in cooperation with the Sri 
Lanka Rural Organization (Hills pers. comm. 1983). Grass-roots conser- 


vation efforts are well worth encouraging because they combine and 
reinforce individual loyalties to traditional cvs .nd constitute an additional 
line of defence against genetic erosion. 


The data available on the status and trends of genetic diversity of the wild 
| relatives of crops are just as vague as those on the crop themselves but 
| rather fewer. As noted on page 1.8, they are most precise for species with 
| restricted distributions. Red Data Books and lists of threatened piant 
species are concerned with extinctions of species (and sometimes sub- 
species), not with losses at the population level, so they tend not to treat 
species that are widespread. Although the plant breeding and other crop 
specialist literature contains references to genetic erosion of wide-ranging 
_ wild species, quantitative data are practically non.xistent. The report on 
| populations of the spontanea form of rice in one county in China (page 
_ 2.18) is exceptional. = 4 


Unsupported statements about the lack or insignificance of genetic erosion 
in wide-ranging wild relatives are occasionally made but should be viewed 
| with scepticism, since they may be influenced by invalid assumptions of 

the species' resilience and uniformity. Many wild relatives are adapted to 
_ disturbed, unstable habitats, flourishing as weeds in the expanding home 


provided them by people; so their ubiquity wouid seem assured. However, 
they differ greatly in the types of disturbance and degree of instability to 
which they are adapted: some weeds are aggressive, readily taking ad- 


vantage of newi: disturbed areas; others are meek, tolerating only a rather 
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narrow range of disturbance. The arundinaceum race of wild sorghum is an 
example of the former type, while the aethiopicum race is an example of 
the latter (page 2.22). Many species have weed populations in one part of 
their range and populations that are components of the primary vegetation 
in another part (Hordeum spontaneum, diploid Medicago sativa, and 
Lycopersicon pimpinellifolium are examples). Many are also highly variable 
both within and among populations. High allelic endemism (alleles occurring 


at a frequency of 5% or more in only one population) has been found in’ 


autogamous species such as Hordeum spontaneum (Nevo et al. 1979) and 
Lycopersicon cheesmanii (Rick & Fobes 1975), alloramous species such as 
the GPIB relatives of maize (Smith, Goodman & Stuber 1984) and 
Lycopersicon ‘pennellii (Rick & Tanksley 1981), and species that are both 
such as Lycopersicon pimpinellifolium (Rick, Fobes & Holle 1977). These 
last authors observe that plant breeders have tended to underestimate the 
variability of wild species, testing small numbers of accessions from limited 
portions of the species' range, apparently assuming that any gene is fixed 
in the entire species. Sampling the extremely small collections of wild 
relatives in ex situ storage would tend to support this assumption, since 
the sample would be unlikely to reflect the variability of the species. This 
in turn would reinforce the view that the small collections are repre- 
sentative and that depletion and loss of wild populations does not entail 
Significant genetic erosion. 


General conclusions 


The general conclusions that can be drawn are limited by the nature of the 
available data: variable and incomplete coverage and scant quantification. 
There is clearly a consensus among plant breeders, plant explorers and 
other germplasm collectors that genetic erosion has occurred and is still 
occurring rapidly and widely in man: crops. What are the worst affected 
areas and crops and what are the detailed relationships between social and 


‘economic changes and changes in crop genetic diversity cannot be 


determined. What may be "serious genetic erosion" for one commentator may 
not be for another. 
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Are the status and trends of genetic diversity of some crops better re- 
ported than those of others? Table 5 presents an assessment of the 
coverage and quality of the data on the 30 crops reviewed for this paper. 
Separate assessments are shown for the different gene pools of each crop 
to see whether data on the GPIA are better than those on the other gene 
pools. Some published sources of data may well have been overlooked, but 
even allowing for this there appear to be clear differences in coverage, 
though not in quality, from crop to crop. In general, crops that are high 
IBPGR priorities (Wl, W2, R1) are more comprehensively reported than 
_ lower priority (W3, W4) and no priority crops. This may reflect differences 
among crop specialists in use of IBPGR media rather than differences in 
knowledge. Quantitative data are published on few of the crops; and re- 
ports that quantify cv replacement directly (rather than state changes in 
area grown to a general class of cvs) seem to be confined to potato, 
specifically to reports by Ochoa. The GPlAs of the crops are more com- 
prehensively reported than the other GPs, except when the other GPs in- 
clude other crops (for example, the GP2 of rice, GP2 of common bean, and 
GP3 of cole crops) or when the GPIB is smaller than the GPIA (for 
example, cotton and cacao). | 


Constraints on acquiring an improved understanding of the status and 
trends of crop genetic diversity 


A better understanding of the status and trends of crop genetic diversity 
requires first of all a precise description of the extent and nature of that 
diversity. This in turn requires: (1) morpho-agronomic (and preferably | 
also isozymic) characterization of cvs and wild relatives (including the major 
variants of the wild relatives) in the GP1B, GP2 and (if likely to be used) 
GP3; (2) knowledge of the phylogeny or evolutionary history of the crop. 
Only when the variability and degree of differentiation of the crop 
(GP1-GP2/3) has been determined can losses (or gains) in genetic diversity 
be assessed. The point is obvious but easily overlooked. A further require- 
ment is the gathering of time series data: for example, an area that has 
been explored in detail (and collections from which have been adequately 
characterized) could be revisited and collected again. A final requirement 
is an account of the cultural, economic and ecological factors that influence 


the observed changes in domesticated and wild populations of the crop. 


| 


4 Ueeaeres Secuie eT, 3 ~) of veseaqe osed) eh? 07 


. 7] 
e 


SPR IO ay Raa 


z ae a a a) a / 

7 - 

‘ 

ps 

sf 

13 

¢ : a: 

F Pith Os ent 
; - sy he eee 


¢ tied ugoy spew tq qkapewdb ‘siteaeg te 


to 20 ast 02 soemeeya @ -alcig? . tetedje 26 geen? 

1 wi} fotrivs? aqons Cf ef) ne ata sd: 49. ‘ehteup ba 
. ? siacg On sao Tih add sc on ote we shaun SROs 
3 i | 2m Sem rena mitted ens AIS ed go ated 20 és 
Ot \Dodenteve ated. sven Tew gy iy So seowueoe -bodetidyg 
d : 


titieyp a 


k ; irene mio wie (1h 84 iW) seine 


* oy el Mgouo yihtqizq ca bas (OW. EW) ate Se 
‘' en ay hem SOC % eew nb ateiletoeqa aoe 


7 ~ortey al .qoto of aor eat 


J 


: ' iW ous aieb sv ieltiasv® Gi 


- he ‘? ‘as i} wy We itt nsw ly 


—, 


; ? : *  &! pf-) ‘ce eirsay «6 ol srw ~ 

: "* g 2 1 : Bs L ra wi ir y G R : a+ | aT oJ 
* . - ; if P ® 

5 ’ > sc sty Domoqet wieveae 


“ 7 “ ~ © j i «lower mo -, Sqm rTek.s) 9 ; 
aT 

‘ : ge * a 5 
ez iw wo Ceaot sloor Se 


i. 
. ry teh) 6h NO 2a 
rT i BIAneY gor By.) 


ii Yo setrbagterabay 

4 ' , ab stioowg a He 30 dealt 
=f hes ork q *“_Ze- rr * 2 ives wiet ut “aldT 

ig multesiisioetads (olarysourm 


° wv) 
: Py 
ya . “> wh ‘ . “4 fi fi ,weavirai> Sibve endl. te 23m 
; aT 


ve wo ynepelydq adi Yo sgbelwood (S78 


~ 


es j 7 - >. en ee ie b Gs Vii lain cv 449 | aadw. 3 
f cet it ae a 4 Denies cies San (ERS of 
- ; 4 £” se .} Se76Go Ri iveg acy .bsea 


Te mes ij 1c wree eau? lo Zamedsey ot bi od 


, 7 ; 
5" ee aiitw mor) anvathwotioo ban) Baisb, cl Bexokeeeem 
MiIKnRY TOS Perk % 9 Lyalayliosd fhe bh sive of bined (bs j > 


imhwwlal isd) epwoet isargelest Bee shaenege teal ef) Jo Javon 
qin? ott Yo aaovaliyag blhw. bow Datepleemeh ob cegmads Bee 


Table 5. 


Pe ee ee ee ee 


a a a 


Coverage and quality of data on status and trends of genetic 


diversity of 30 crops of major economic importance to the USA 


CROP 


Soybean 
Maize 
Wheat 

. Cotton 

. Coffee 

. Tobacco 
Sugarcane 


. Grape 

. Potato 

. Rice 

. Sweet orange 
. Sorghum 

. Alfalfa 

. Tomato 

. Cacao 

. Apple 

. Beet crops 
. Peanut 

. Rubber 


. Barley 

. Lettuce 

. Common bean 
. Sunflower 

. Banana 

. Cole crops 

. Almond 

. Peach 

. Coconut 

. Oats 


. Onion 


---DATA ASSESSMENT--- 
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W2 RI C/s 
W3 Ri P/Sq 
W1 C/Sq 
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w2 Rl P/S 
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w2 P/S 
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W3 F 
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—— 


GPIB GP2 
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C/S nd 
oo- nd 
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P/S nd 
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P/S P/S 
C/S nd 
F ni 
P/S nd 
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nd P/S 
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F ni 
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nd 
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Key to Table 5 


IBPGR PRIORITY = IBPGR priority rating (IBPGR 1981c) 
W1, W2, W3, W4= global first, second, third, fourth priority 
Rl = regional first priority 

us e-- = not rated by IBPGR 


DATA ASSESSMENT = assessment of published data with respect to 


coverage: C = 


comprehensive (most of the countries of occurrence, though 
not necessarily in detail or in all parts of each country) 


P = partial (some/a few countries or species) 
F = fragmentary (one country or species, or general statements 
made without reference to a particular country or species) 
quality: S = standard (unquantified reports) 
= quantified but indirect reports (extent or rate of genetic 
erosion not directly stated but may be inferred; e.g. "area 
grown to traditional cvs has declined by 20%) 
Q = quantified reports that directly express status or trends of 
genetic diversity (e.g. "distinct local types declined frem 25 
to 20") 
e = data on endemic species only 
oo- = none (no such gene pool) 
nd = no data (no published data seen, though some may exist) 
ni = not identified (gene pool not identified for purposes of this 
paper) 
GP1A, GP1B, GP2, GP3 = primary A, primary B, secondary, tertiary 


gene pools (defined on pages 1.1 and 2.1) 


* Potato GP1A Solanum tuberosum; GP1B wild tetraploids in Series 


Tuberosa; GP2 remaining Tuberosa spp + Series Conicibaccata, Demissa, 


Longipedicellata, Acaulia, Commersoniana, Cuneolata, Megistacroloba, 


Piurana (some spp in these Series may be GP3); GP3 remaining spp in 
; Solanum Section Petota. 


+ Sweet orange GP1A here includes all domesticated Citrus spp; GP1B all 


wild Citrus .spp; GP2 Fortunella and Poncirus spp; GP3 Clymenia, 


Eremocitrus and Microcitrus spp. 


Appendix = data on this crop are summarized in Appendix (Part 2) 
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. This statement of requirements suggests the main constraints on acquiring an 
improved understanding of ‘the status and trends of crop genetic diversity. 
They are time, money, and the institutional problems of sustaining multi- 
disciplinary research. As observed earlier, however, an improved under- 
standing of the subject is an essential aid to more specific collecting, more 
broadly based conservation, and the development of more effective ways of 
combining the benefits of crop improvement with maintenance of the genetic 
materials of crop improvement. ; 


Major gaps and areas of needed study 
The gaps fall into four main groups: 


1. Low international (IBPGR) priority crops of major economic importance 
to the US. Chief among these are tobacco, grape, alfalfa, lettuce, sun- 


flower and oats. At least three of these species (grape, alfalfa and 4 


sunflower) are either insufficiently collected, or lack adequate provision 
for long term conservation, or both. There are few large collections of 
sunflower species and only one (the N.I. Vavilov All-Union Research 
Institute of Plant Industry, USSR) is capable of long term maintenance. 
The largest collection of wild Helianthus species in North America (the 
USDA collection at Bushland, Texas) is a working collection. Organized 
exploration, collection and maintenance of the wild species in particular 
is considered a high priority (Beard 1981; Dedio & Putt 1980; Fick 
1978). Grape is another crop whose wild component (widely and in- 
creasingly used in breeding) is undergoing genetic erosion, although 
which species and areas are worst affected is not known. Ex situ 
collections of Vitis species (other than V. vinifera) are deficient, poorly 
representing both inter- and intra-specific diversity (McGuire & Qualset 
1984; Mortensen 1974). Many collections occupy areas that are too small 
and face problems of maintenance; much valuable germplasm has already 
been lost (Mortensen 1974). Alfalfa requires systematic collection as a 
matter of priority, as well as an improved system of germplasm 
maintenance (Barnes et al. 1977). Forage species in general lack 
adequate conservation. Ornamentals form another category of crop of 


great economic importance whose conservation has been neglected. For 
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example, there is no germplasm collection of chrysanthemum (McGuire & 


Qualset 1984) -- the 33rd most valuable crop in the US (Table 1: page 
1.2). 


Certain crops that despite being a high international priority still lack 
adequate provision for long term conservation. These include species 
with recalcitrant seeds (cacao, rubber, coconut) which at present must 
be maintained in living collections, as well as several crops with 
orthodox seeds that nevertheless are maintained as living plants (coffee, 


. Sugarcane, Citrus, banana). The maintenance capacity of field gene- 


banks (living collections) is obviously much more limited than that of 
seedstores. This limitation puts ‘a premium on accurate determination of 
the cultivated and wild populations most in néed of conservation. 


Crops whose collection and characterization are well advanced, notably 
rice, maize, potato, tomato and common bean (Phaseolus vulgaris). 
These crops would be excellent candidates for detailed assessments of 
the status and trends of genetic diversity cf the GP1A (+ the GP1B and 
possibly GP2 of maize, and all GPs of tomato). The aim should be 
studies, along the lines described in the previous section, of the crops 
in a region of important and well described diversity (for example, ne 
India for rice; Mexico and/or Peru for maize, potato, tomato and common 
bean). Such studies are not the luxury they might appear. Not only 
are they needed to advance understanding of the dynamics of crop 
genetic change and its relationship to social and economic change; they 
are also needed to refine remaining collection work (still "far from 
complete" for tomato [McGuire & Qualset 1984], for example) and to 
direct repeat collection of populations of maize (for example) that may 


have been lost as a result of melodramatic storage problems (Timothy & 
Goodman 1979). 


Wild relatives of major crops. For most crops (sugarcane and tomato are 
exceptions), wild relatives are represented in collections by extremely 
small samples. To assess the risks of genetic erosion, larger samples 
representative of the ecological variation of the GPIB, GP2 (and for 


some crops the GP3) should first be collected and characterized. 


sneak Le gris OR ae lan i elle i Sky RES ere 
* 


ia 


~e 


PSs 


veel s 


a7 


; on 7 Md 7 aaa —_ =. 


sind ent oe fi Renee 275 b, a er 


o . 7 se aie — 
“J 


a 


a 


é r ia i x a r si ty 
oasis pdinkuyt to aajaalio? pialgarey Of : iat 
“ ad 4 aa 8 - meg / 
wT) O07 off 6 a5 ‘tae io” ene fixt2 wer oo & i 40 , 
> >» ~ - ‘eo oc « im >a? , e: aye 7 o a 


fits <td lendepercetd “gtd : Yura - edigaab’ porn : yee 
> ct ots Was ieveneo mur posal 0% roinieong § 


j0.02 ,saddirs .ceoeo) sbhese Jars 
w 4 egetteniles yarvil at hontai 
ma 9 ~elstoiorven tsd3 ebeos . 


~. 
~ 
e 

4 

c 


? 


valuqog bitw cs 
bie wolfoslica saosw -2gg 
; ay samos ,olelog , oxhag 


a4 
foe of Olyqw eqotn Saa8 
f 


e275 aidease Yo chad bee ootege 


1 els So vid) ; 
v2" i ene 7 is 
flew ban teetmogat 6 sore 
irae’ ino™M ,oort uD | 
: “un ae i2@ Lc 
} mb eom se og pened 
- eaten aff Dae sunsdo site 
soroy «matilon of bebeen onlay 
eut.) miuDanM } Meta “cyt "sofort 


* 4 


snaliziugog i nmallosllcs ages 396 
jc)2 sulamatbolem Io teen ae Jeol assed 


(evel cagbott 


' we} ) iearca ‘ 4 - 20019 O15 f i jo eovivalen| at) 


* 


a eevitelen tliw ,Cenobiqed 
tte 


o 
ai 
2 
a 
by 
4 
‘ 
og 


d 


reine! , ‘ones Yo eXeir off sepane OT .asiquise 
4 lo polcivev leargniede ef] 16 svisinssaiie 


tecmetiatats baa betoulle i reer) biwoile (610 mdy qe ae 


at 
GIES RC TEN RENE STE Oe a 
q 
Wess 4 
Assessment is possible already for the limited number of wild relatives . 
whose variation (in morpho-agronomic characters, isozymes, or other E 
traits such as disease resistance) has been reascnably well described. 4 
They include: Helianthus annuus, Avena sterilis, Hordeum spontaneum, q 
Triticum turgidum dicoccoides, wild Zea er and ssp, Lycopersicon ] 
cheesmanii, L. pimpinellifolium, and L. penn 4 
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GP2: secondary gene pool, consisting of those biological species 
thet can be crossed with the crop using conventional breeding 
methods to produce at least some fertile progeny. GP2 is 
equivalent to the coenospecies. Gene transfer from GPZ to 
GP1A is possible without the use of radical techniques; but 
there are barriers to crossing, chromosomes pair poorly or not 
at all, many or most hybrids are sterile and some may be weak 
and difficult to bring to maturity. Nevertheless there are at 
least some fertile Fis. : | 


| GP3: tertiary gene pool, consisting of those biological species that 


can be crossed with the crop but from which gene transfer is 
possible only through the use of radical techniques such as 
embryo culture, grafting or tissue culture, doubling the 
chromosome number, or using bridging species. Two GP3 
groups may be distinguished -- 


GP3A: species producing viable but sterile hybrids with 
GP1A; 


GP3B: species producing inviable hybrids. 


Regions of diversity of domesticated forms (GP1A) of each crop are 
identified with the codes 
- Di: primary region of diversity; 

D2: secondary region(s) of diversity. 


Unless stated otherwise this information is from Zeven & de Wet 
(1982). 
Note: regions of diversity are not necessarily centres of origin. 
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ALLIACEAE 
Allium cepa L. onion & shallot $350m (92/08) 
GP1A: 


GPIB: 


GP2: 


GP3A: 


D1 South-central Asia (nw India, Pakistan, Afghanisten, 
s USSR, w China). 


D2 _ Mediterranean region (s Europe, especially Greece; n 
Africa; w Asia, especially Turkey). 


Many locally adapted cvs in Asia, Africa, Central and South 
America and Europe being replaced by modern cvs. Also a rapid 
turnover of modern (bred) open-pollinated cvs of Asia, Europe 
and USA, particularly with the introduction of Fi hybrids (which 
have a very narrow genetic base). In several countries important 
old cvs have been lost; in Western Europe most cvs now derived 
from a single type; in Egypt winter onion crop consists of a 
single cv (Astley, Innes & van der Meer 1982). Genetic base of 
Us hybrids quite narrow (McCollum 1976). In Sudan, however, 
the local onion landraces have "competed better than the intro- 
duced" cvs, showing marked superiority in keeping quality; as a 
result "they have maintained their complete domination in all 
onion producing areas", and the introduced cvs are no longer 
grown (Hassan et al. 1983). . 


possibly A. vavilovii M.Pop. & Vved., but identity uncertain; 


wild: s USSR (Turkmen SSR), n Iran (McCollum 1974). No data 
on status. 


A. galanthum Kar. & Kir.; A. psekemense B.Fedtsch.; both 
wild: Central Asia (McCollum 1971). A. psekemense is listed in 
the Red Data Book of USSR (USSR Ministry of Agriculture 
1978). 


A. altaicum Pall.; wild: n Mongolia, adjacent USSR (McCollum 
1976). A. oschaninii O.Fedtsch.; wild: n Iran, Afghanistan, s 
USSR, w China (Pamir Alai & Tien Shan) (McCollum 1974). 
Possibly A. farctum Wendelbo (wild: Afghanistan, Pakistan) but 
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crogsability not determined (McCollim 1976). No data on status 
of wild species. A. fistulosum L.; domesticated (Japanese bunch- 
ing onion): Dl Japan (Astley, Innes & van der Meer 1982). No 
data on status. "Local cvs should be identified and collected as 


@*esoon a8 possible throughout the crop distribution area (USSR, 


China, Japan, Southeast Asia], especially in China (the centre 
of origin) and in Japan (the centre of diversity)" (Astley, Innes 
- & van der Meer 1982). 


CHENOPODIACEAE 


Beta vulgaris L. beet, beetrost, chard, $1,036m (100/0) 


= SS eS es = 


maT ee ee — 


sugarbeet 


D1 Mediterranean region. 
D2 Central Asia. 


While undoubtedly many open-pollinated multigerm populations 
have been lost, modern hybrids still contain much genetic varia- 
tion and "there is no substantial evidence that the present gene 
pool ... is particularly narrow er in immediate danger of being 
exhausted"; however, the hybrids derive from a single source of 
cytoplasmic male sterility (CMS) and thus have almost completely 
uniform cytoplasms; three new sources of apparently stable CMS 
have been identified in wild GP1B beets (in Morocco, Turkey and 
Yugoslavia) but have not yet been used in cor>ercial hybrid 
production (Bosemark 1979). The disappearance o: local cvs is 
accelerating in Greece (Cortessi, de Bock & Denton 1981). 


B. adanensis Paruk.; wild: e Mediterranean. B. atriplicifolia 
Rouy; wild: Spain. Diploid B. macrocarpa Guss.; wild: Mediter- 
ranean region. B. maritima L.; wild: Europe, North Africa, West 
Asia. B. patula Ait.; wild: Madeira Is. (Buttler 1977; Coons 1954 
& 1975). B. maritima is in danger of genetic erosion in some 
coastal parts of Greece due to the “rapid expansion of building 
associated with tourism" (Cortessi, de Bock & Denton 1981), in 


coastal Sicily due to rapid and intensive development associated 
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gD 


with tourism, and in inland Sicily due to overgrazing by goats 
(Toll & Hendriksen 1982). 


Tetraploid B. macrocarpa; wild: Canary Is. (Buttler 1977}. No 
data on status. 


Species in section Corollinae (all wild): B. foliosa Hausskn. 
(Turkey); B. lomatogona Fisch. & Mey. (West Asia); B. macror- 
hiza Stev. (West Asia); B. trigyna Wald. & Kit. (incl. B. corol- 
liflora Zos.) (Southeast Europe & West Asia) (Coons 1954 & 1975; 
Savitsky 1969). Species in section Procumbentes (Patellares) (all 
wild): -B. patellaris Moq. (s Spain, Canary Is., Madeira Is., 
Morocco, Western Sahara); B. procumbens Chr. Sm. (Canary 
Is.); B. webbiana Moq. (Canary Is.) (Coons 1954 & 1975; 
Gaskill 1954; Oldemeyer & Brewbaker 1956; Savitsky 1975; 
Speckmann & de Bock 1982). There “appears to be little or no 
danger in. the future of a great reduction" in the frequency and 
distribution of the two narrowly endemic species, B. procumbens 
and B. webbiana (Ford-Lloyd, Jackson & Santos Guerra 1982). 
(The remaining Beta species, B. nana Boiss. & Held., is 
confined to a few mountains in Greece [incl. Mount Olympus 
National Park] and is classified as rare by IUCN [Lucas & Synge 
1978}; it has not been crossed with B. vulgaris and has no 
known agronomic potential.) No data on the status of the other 
species listed above. 


COMPOSITAE 


Helianthus annuus L. sunflower $581m (99/01) 


GP1A: 


D1 USA. 
D2 USSR. 


Several American Indian varieties have already disappeared 
(Heiser 1976). 
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H. annuus; wild: s Canada, USA, n Mexico (Heiser et al. 1969). 
Beard (1981) and Fick (1978) note the disappearance of wild 
Helianthus gene pools, chiefly due to habitat loss. Although wild 
H. annuus is widespread and abundant, agronomically useful 
characteristics are not distributed uniformly throughout the 


: species and gene pools of particular value may be at risk. 


Most other species in section Annui (all wild, although H. ~ 


argophyllus & H. debilis are also domesticated ornamentals): H. 
argophyllus T. & G. (USA: TX); H. bolanderi Gray (USA: CA, 
OR); H. debilis Nutt. (e USA); H. exilis Gray (USA: CA); H.. 
neglectus Heiser (USA: NM, TX); H. niveus (Benth.) Brandegee 
(sw USA, n Mexico); H. paradoxus Heiser (USA: NM, TX); H. 
petiolaris Nutt. (S Canada, USA, n Mexico); H. praecox Engelm. 
& Gray (USA: TX); two other species in this section -- He 
anomalus Blake (USA: AZ, UT) and H. deserticola Heiser (USA: 
AZ, NV, UT) -- are very difficult to germinate (as are their 
hybrids with H. annuus) and perhaps should be assigned to GP3 
(Beard & Chandler 1982; Heiser 1978; Rogers, Thompson & Seiler 
1982; Whelan 1978a). Two of the above species, EH. anomalus and 
H. deserticola, and two subspecies, H. debilis debilis (FL) and 
H. praecox hirtus (TX), are considered rare (Rogers, Thompson 
& Seiler 1982). Populations of H. anomalus in the Hopi Indian 
Reservation in nw AZ appear to be adapted to traditional Hopi 
agricultural practices and are protected or tolerated by Hopi 
farmers (Nabhan & Reichhardt nd). H. exilis is an endangered 
species, threatened by habitat disturbance and competition from 
more tolerant species; H. nuttallii parishii may already be 
extinct, its only known habitat having been destroyed by the 
expansion of Los Angeles; H. paradoxus is endangered -- two of 
its four known populations have been destroyed by highway 
construction and improvement (Jain, Olivieri & Fernandez- 
Martinez 1977; Rogers, Thompson & Seiler 1982). The remark on 
the status of wild H. annuus (GP1B) also applies to H. petiolaris. 
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GP3A: So far 10 species (7 wild; 3 wild and domesticated -- the orna- 
mentals, H. decapetalus and H. maximiliani, and the Jerusalem 
artichoke, H. tuberosus): H. gracilentus Gray (USA: CA; 

nm Mexico); H. angustifolius L. (e USA); H. decapetalus L. (se 
Canada, e USA); H. hirsutus Raf. (e USA, n Mexico); H. 
pauciflorus Nutt. [= H. rigidus Desf.] (s Canada, USA); H 

anteus L. (s Canada, ne USA); H. grosserratus Mart. 
(e USA); H. maximiliani Schrad. (s Canada, USA). Four of these 
species (H. hirsutus, H. pauciflorus, H. strumosus, H. tuber- 
osus) produce almost sterile hybrids with H. annuus and could 
be included in GP2 (Heiser et al. 1969; Rogers, Thompson & 

Seiler 1982; Whelan 1978a & 1978b). ‘No data on status. | 


Lactuca sativa L. lettuce $566m (100/0) 


GP1A: Dl Mediterranean region (Ryder & Whitaker 1976). 
. No data on status. In the US there has been a rapid 
turnover of cvs: for example, of the 107 distinct cvs grown 
in 1904 only three are readily available today (Ryder 1980). 
In Syria 80% of cos (romaire) is local material (George 1984). 


GP1B: L. serriola L.; wild: Europe, USSR, w Asia, n Africa (Ferakov7a 
1977; Lindqvist 1960; Whitaker 1969). No data on status. 


GP2: L. saligna L.; wild: Europe, USSR, w Asia, n Afitica (Ferakova 
1977; Lindqvist 1960; Whitaker 1969). No data on status. 


GP3A: L. virosa L.; domesticated (Europe) & wild: Mediterranean 
region (Ferakova 1977; Globerson, Netzer & Sacks 1980; 
Lindqvist 1960; Whitaker 1969). No data on status. 


CRUCIFERAE 


Brassica oleracea L. cole crops (broccoli, Brussels $433m (96/04) 
sprouts, cabbage, cauliflower, 
Chinese kale, collards, kale, 
kohlrabi) 
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Dl Mediterranean region & Northern Europe (IBPGR 1981b). 


Broccoli: Italian gene centre threatened by expansion of the 
export cauliflower industry; genetic base of "Calabrese" 
(green-sprouting annual broccoli) is narrow and needs 
enlarging; biennial types of Northwest Europe under 
no immediate threat (IBPGR 1981b). 


Brussels sprouts: advent of F hybrids caused “massive 


genetic erosion"; eater the crop has few unique 
genes, due to its recent origin (18th Century), ‘and 
most types have been relatively well collected (IBPGR 
_ 1981b). } 

Cabbage: increasing use of Fi hybrid cvs threatens genetic re- 
sources in many parts of the world (IBPGR 1981b). 
There is "wide diversity" of cabbage in Syria (George 
1984). 

Cauliflower: the Italian gene centre "has not been assessed or 
collected" and is rapidly eroding as the export cauli- 
flower industry develops there; in several parts of 
Northern Europe Australian cvs have virtually replaced 
traditional autumn-maturing stocks; there is still a wide 
range of commercial and growers-own cvs of British 
and Dutch biennial types (IBPGR 1981b). In Syria less 
than 5% of cauliflower is local (George 1984). 

Chinese kale: no data on status (the crop is quite uniform, 
probably because of the absence of gene flow from 
other cole crops) (IBPGR 1981b). 

Kale (incl. collards): there is relatively little danger of 
breeding or other agricultural developments causing 
major erosion of northern European types (IBPGR 
1981b). 

‘Kohlrabi: the crop is rather diverse but there are no data on 
status (IBPGR 1981b). 


Wild species of the n=9 cytodeme: B. bourgaeui (Webb) 0.Kuntze 
(Canary Is.); B. cretica Lam. (Greece); B. hilarionis Holmb. 


(Cyprus); B. insularis Moris. (Corsica, Sardinia, Tunisia); B. 
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macrocarpa Guss. (Italy: Egadi Is.)}; B. oleracea L. (England, 
France, Spain); B. montana Pourr. (= B. robertiana Gay) 
(Spain, France, Italy); B. rwupestris-villosa-incana complex 
(Italy, Yugoslavia) (Snogerup 1979 & 1980; Stork, Snogerup & 
Wuest 1980). IUCN (1880a & 1980b) classifies two of the above 
taxa as endangered -- B. bourgaeui (considered extinct until the 
recent rediscovery of two individuals [IBPGR 1981b] and B. 
macrocarpa (a highly restricted endemic); two as vulnerable (= 
threatened in th- US) -- B. hilarionis and B. insularis; and one 
as rare -- B. villosa Biv. (Italy). IBPGR (198lb) states that 
many populations of the other species (B. cretica, B. oleracea, 
B. montana) are endangered, although the species themselves 
are not. However, Gustafsson, Gomez-Campo & Zamanis (1983) 
surveyed B. cretica and report that most populations of this 
species are large and inaccessible enough to be in no immediate 
danger of extinction, “even from human collectors". 


None? 

Possibly about 100 species in Brassica and allied genera 
(Harberd 1976), of which only the main domesticated species (and 
their wild GP1B forms) are reviewed here. 


B. carinata Braun,  Ethicpian mustard. GP1A:D1 Ethiopia. 
GP1B: none known. (Prakash & Hinata 1980). "Much of the 
genetic variation would appear to be conserved" (IBPGR 
1981b). 


B. juncea (L.) Czern., brown mustard. GP1A: D1 Indian sub- 
continent (cilseed types), China (leaf and root vegetables) 
(IBPGR 1981b; Li 1980). GP1B: West Asia (Prakash & 
Hinata 1980). No data on status. 


B. napus L., fodder rape, oilseed rape, rutabaga. GPIA: Dl 
Northern Europe. GP1B: none known (IBPGR 1981b; 
McNaughton 1976a). Fodder rape “eppears to be in serious 
danger of extinction"; most of the genetic variation of oil- 


seed rape and rutabaga appears to be conserved (!BPGR 
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1981b). Many of the older cvs of rutabaga have gone out of 
cultivation in recent years, due partly to lack of demand as 
better cvs become available and partly to the failure to meet 
legal requirements of "distinctiveness, uniformity and 
stability" associated with the National List System of the 
European Economic Community; as a result many of these 
cvs are in danger of extinction (Munro 1978). 


B. nigra (L.) Koch, black mustard. GP1A: Dl Europe. GP1B: 


Europe, North Africa, West Asia (Prakash & Hinata 1980). 
Many landraces have been lost (although their genes may 
persist in wild populations) as the result of its virtual ex- . 
tinction as a crop in the 1950s following its replacement by 
B. juncea (IBPGR 1981b). 


B. rapa L. (B. campestris L.), choi crops (Chinese cabbages 


[pai ts'ai, pak choi, choi sam, etc.], turnip, turnip oilseed 
rapes). GPIA: Dl China, India (Li 1981; Narain 1974; 
Prakash & Hinata 1980). GP1B: Europe and much of Asia 
(Li 1981; Prakash & Hinata 1980). Chinese cabbages: much 
of the open-pollinated material of Chinese cabbage sensu 
stricto (pai ts'ai, B. rapa ssp. pekinensis) in Japan and 
Korea has been lost following the introduction of Fy 
hybrids; in China (the D1) cultivation of Fy hybrids is ex- 
panding rapidly and "it may not be...long" before landraces 
and other open-pollinated cvs are irretrievably lost (IBPGR 
1281b); no data on the status of other Chinese cabbages. 
Turnip: no data on status. Turnip oilseed rapes: there is 
limited diversity in the European types -- biennial.winter 
turnip rape and annual summer turnip rape; the former type 
is little grown now, and while the latter is important in 
Canada and northern Europe few landraces exist (although 
these are highly variable) and the genetic base of modern 
cvs is narrow; by contrast, there is considerable variation 
in the Asian turnip rapes (sarson, toria, yau choi) but ap- 
parently no data on their status (IBPGR 1981b). 
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Raphanus sativus L., radish. GP1A4: D1 Europe and South and 
East Asia (IBPGR 1981b). GP1IB: R. landra Moretti 
(Southern Europe); R. maritimus Smith (Mediterranean 
region and Atlantic Europe); R. raphanistrum L. (Europe 


and West Asia) (Banga 1976; Harberd 1972; Lewis-Jones, 
Thorpe & Wallis 1982; Zeven & de Wet 1982). No data on 
status. 


Sinapis alba L. (= Brassica hirta Moench), white mustard, yellow 
mustard. GP1A: Dl Europe. GPIB: Mediterranean region 
(Hemingway 1976)..No data on status. 


\o 


. juncea (Downey, Klassen & Stringham 1980), B. napus 
(McNaughton 1976a). 


B. rapa (Ellerstrom 1978; McNaughton 1976b; Nishi 1981), R. 
sativus (Ellerstrom 1978; McNaughton 1976c) and S. alba 


(Downey, Klassen & Stringam 1960) are in the GP3A of B. 


oleracea. 


General comment on genetic erosion in B. oleracea and B. rapa: "The 
desire of vegetable growers throughout the world for F -hybrids is result- 
ing in the replacement of most landraces and open-pollinated cultivars ... 
{of these two species}. This replacement is virtually complete in Japan, 
Korea, North and South America and northern Europe. Very significant 
losses have occurred during the past 20 years in China, perhaps the last 
great resource of genetic diversity in oriental brassica vegetables; 
F ,~hybrids are now coming into wide use" (IBPGR 1981b). 


EUPHORBIACEAYr 

Hevea brasiliensis (A.Juss.) rubber ~$803m (0, 100) 
Muell.-Arg. 

GPIA: Dl Southeast Asia (but the diversity of the domesticated gene 


pool is very small compared with that of the GP1B (Subra- 
maniam & Ghani 1975). There has been an unknown amount 


of genetic erosion, due mainly to narrow breeding objectives 


ce a at A Cy ge en green en 


Line ae eee 


\ 
-nmoemrrateocna ~~ 


pa” Teele Fete ieee 
1 


et ere aries i 


<_ 


6 Ye eee 


PPro ts tah Ie as ay iM Tir a 


mic 


petit, coll ¥ mean ¢ 
> i tee fs : le ee | oe aver 
~~ = ‘ * * *?¢ 
. 
*) 2 et 4 } 
M é i= > 2 
ae. Sapte e ‘ 
ee * rf 
iS") if tage » ae 4 ae | 
ee eed a ae ne _ 


hee ae ee Soe te 
#« Some © Stl ac ie 
Al : 


ee 


ths ari id ALT fakbny ered — ae Sia ' t= 


» — e faa > 
. ~*~ -THer 


xD) ote, 
Loqouys., ae 
2 pttgulth baa mebget 
56) brec reat (Orel aye ea). (ated ina bas 
§ eliiaW 6 eguodt 


.strtade 


siguior cttw .,{cdomeo’ siphd. golanenl ©) i. eGhe. aig 
tins iT qomt i :Afa> -basiege - 
atyaie oo s36h ef .. Corel vawe simak). *) 
" Sc oRa . 2 Tiss ia , 5 swotl) Reon -& 
: " (save; catrhguntioM) “a 
G2 oT 03 iB ALDI ~~ “ys arallt) SUSI ~& a 
; eae.) sete 7} 
i < 4 ,Byt : ak 4 a) > SVR 
| yy, geriic ' Ls Stain vorwotl) : 
ason'gala . 
a een eee 
ri2oTs,. skonsy, 90 Imaaor Ty 
; * ey ithy ) se. sides lazer to 
: jane Yo toomeasiqan ef 
{ ; Jste AT ,leeioeqs owl sam 
mu sprmamA digo! Bas dsiowt 
mov Of Iceq ed) yattub Sermiw990 oF 
~svib obfenry Ww sov08ste 
P : ae ; 
; ehiw ofl golmoo won o16 20RH 
TASDAIGR 
OE wediiir' A eaut,.A) viensileswt 
-RIA-- 
> Uttevevii eff Jud) slaA Tensile {a 
i Staci? .Alw Deeds ih ga “18V ai looq . 
an seed eed oved cepa insdD a ie aes 
. igh re “5 ro. a ai ° 
i! wor wt oF yanked, aud .noteois sissasg ad 
ae re eee iF Sage av ye : MS 
a 7" on ees ’ , Pe 7 a 
oa — a sun ae. Sac @ Swe? a 


| 
i 


GP1B: 


(intensive selection for high yield potential, with little 
attention paid to "secondary characters" such as vigour and 
disease resistunce) (Majid & Hendranata 1975; Wycherley | 
1969). “Further loss of available germplasm is bound to 
occur if only a few elite clones are planted" (Subramaniam & 
Ghani 1975). 


H. benthamiana Muell.-Arg.; wild: Brazil, Colombia, Peru, 
Venezuela. H. brasiliensis; wild: Bolivia, Brazil, Colombia, Peru, 


Venezuela. H. camporum Ducke; wild: Brazil. H. guianensis 


Reerpeneneeeeneee 


Aubl.; wild: Bolivia, Brazil, Colombia, French Guiana, Guyana, 
Peru, Suriname, Venezuela. H. microphylla, Ule; wild: Brazil, 
Colombia, Venezuela. H. nitida Muell.-Arg.; wild: Brazil, 
Colombia, Peru. H. pauciflora Muell.-Arg.; wild: Brazil, 
Colombia, Guyana, Peru, Venezuela. H. rigidifolia Muell.-Arg.; 
wild: Brazil, Colombia, Venezuela. H. spruceana Muell.-Arg.; 
wild: Brazil. Some of these species may be in GP2 (Majid & 
Hendranata 1975; Ong & Rao 1981; Seibert 1947; Wycherley 1976). 
H. brasiliensis in basin of Madeira River (Brazil) "under stress 
from human population pressure" (IBPGR 1984). 


GRAMINEAE 


Avena sativa L. oats $306m (99/01) 


GP1A: 


GP1B: 


Dl Europe (Holden 1976). 
Improved cvs are replacing local material in Turkey "but not at 
a rapid rate" (Kjeliqvist 1973). 


Hexaploid species: A. atherantha Presl; wild: Mediterranean 
region. A. fatua L.; a widespread and nexious weed. A. hybrida 
Peterm.; wild: West and Central Asia (also a European weed). 


A. occidentalis Dur.; wild: Azores, Canary Is., Madeira Is., 


North Africa, Saudi Arabia. A. sterilis L.; wild: Mediterranean 
region and West Asia (also a widespread weed). A. trichophylla 
C.Koch; wild: Mediterranean region and West Asia. (Baum 1977; 


Zohary 1971). All of these species are weedy and readily persist 
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in and beyond their native areas (Zohary 1971); genetic erosion 
seems unlikely. However, Baum et al. (1972) remark that such 
species are susceptible to overgrazing, which they escape by 
colonizing cultivated fields where grazing is prevented. Genetic 
erosion could result either from overgrazing and other des- 
truction of primary habitats (such as oak parkland) or from 
clean cultivation of agricultural habitats. 


Two wild tetraploid Species: A. maroccana Gdgr. (Morocco); A. 
murphyi Ladiz. (Spain). Four domesticated diploid species: A. 
brevis Roth (Western Europe); A. hispanica Ard. (Spain & 
Portugal); A. nuda L. (Europe); A. strigosa Schreb. (Europe). 
Seven wild diploid species: A. canariensis Baum, Rajhathy & 
Sampson (Canary Is.}; A. damascena Rajhathy & Baum (Syria); 
A. hirtula Lag. (Algeria, Morocco, Spain); A. longiglumis Dur. 
(Mediterranean region); A. lusitanica (Tab. Mor,) Baum 
(Western Europe, North Africa); A. matritensis Baum (Western 
Europe, Northwest Africa); A. wiestii Steudel (Mediterranean 
region, Wet* & South-Central Asia; also a weedy tetraploid). 
(Baum 1977, Holden 1976; Ladizinsky & Zohary 1971). A. 
murphyi and A. damascena are rare endemics (A. maroccana and 
A. canariensis, also endemics, are locally common) (Baum 1977). 
Cultivation of the domesticated species has either been 
abandoned or is limited and local, the species persisting as 
weeds (Baum 1977). 


Four tetraploid species: A. abyssinica Hochst.; domesticated: 
Ethiopia. A. barbata Pott; a widespread weed (chiefly Europe, 
North Africa, West Asia). A. macrostachya Bal.; wild: Algeria. 
A. vaviloviana (Malz.) Mordv.; an Ethiopian weed, Three diploid 
species: A. clauda Dur.; a weed of the Mediterranean region and 
West Asia. A. eriantha Dur.; wild: Northwest Africa, Greece, 
West Asia. A. ventricosa Bal. ; wild: North Africa, West Asia. 
(Baum 1977; Holden 1976; Ladizinsky & Zohary 1971). A. macro- 
stachya is a rare endemic (Baum 1977). Overgrazing is seriously 


affecting important areas of genetic diversity in A. clauda, A. 
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eriantha and A. ventricosa; however, where grazing pressure is 
diminishing due to abandonment of livestock raising for other 
economic pursuits, the former two species at least are showing 
signs of recovery (Baum 1877; Baum et al. 1972). 


Hordeum vulgare L. | barley $780m (94/06) 


GP1A: D1 Ethiopia, West Asia (especially Turkey & Iran), South- 
céatral and East Asia (Nepal, China, Korea, Japan) (Harlan 
1979; Witcombe 1975). 


D2 North Africa, Europe. 
In Ethiopia there is a danger that important and useful popula- 
tions will be discarded in the future and replaced by bred cvs 
(Har!an 1976). In Turkey improved cvs (mainly of Turkish origin) 
are rapidly replacing local material; an intensive barley improve- 
ment programme is being carried out (early 1970s), and the rate 
of replacement is expected to rise sharply (Kjellqvist 1973). In 
Iran, although improved cvs are becoming available, unimproved 
native varieties still prevail, the same applies to Iraq and Syria 
(where the landraces appear to be few but variable) (Frankel 
1973). In Europe, North America and other regions of "advanced 
agriculture" landraces have been "virtually wholly displaced" by 
pure-line cvs (Harlan 1976). In Nepal no more than 10% of the 
barley area has been sown to improved cvs; the rest is under 
traditional types (IBPGR 1978c). In Libya genetic erosion is 
evident in the Cirenaica area, and only a few local barleys can 
“be found in very remote areas (Lehmann & Hammer 1983). In 
Ethiopia there is no apparent threat of genetic erosion of 
local germplasm from the introduction of improved material (Toll 
1980) (compare statement by Harlan at beginning of this para- 
graph). . 


GP1B: H. spontaneum C. Koch; wild (weedy forms also occur): Greece, 
Cyprus, Libya, Egypt, West Asia to Pakistan (Harlan 1979; 
Harlan & Zohary 1966). No data on status. 
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None known. 


GP3: Potentially large, including several other (but not necessarily 
. ali) Hordeum species and species in other genera such as Leymus 
and Secale (National Council on Gene Resources 1982; Price 
' 1979). North American GP3 species (all wild) with characteristics 
| of potential value in barley improvement include H.. brachy- 
| antherum Nevski (w Canada & USA); H. jubatum L. (Canada 
| USA, Mexico): H. pusillum Nutt. (w Canada, USA, Mexico); 
Leymus mollis (Trin.) Pilger (Canada, n USA, East Asia) 
(Schooler 1962, 1967 & 1980; Schooler & Anderson 1979 & 1980). 
No data on status. See 
Oryza sativa L. rice $1,519m (100/0) 
| GP1A: Indica, sinica (japonica), javanica and intermediate types-- 
| Dl India (especially ne), Bangladesh, Burma, Thailand, Laos, 
| Vietnam, China (especially s) (Chang 1976a). 
| D2 Nepal, Sri Lanka, Kampuchea, Indonesia, Philippines (Chang 
| 1976a; Chang, Adair & Johnston 1982). 
The following notes on status and trends are from IRRI 
| (1978), updated by Chang, Adair & Johnston (1982) and 
| others as indicated (see also discussion, pages 1.9-1.15) -- 
Bangladesh: most cvs are indicas, of which there are four agro- 
ecological groups -- aus, transplanted aman, broadcast 
aman, and boro; there is little genetic erosion in the aus 
and broadcast aman groups, but traditional cvs of the other 
two groups are being replaced by modern cvs. 
Burma: there are about 2,000 cvs; the rate of replacement by 
modern cvs is slow. 
China: traditional cvs are indicas and sinicas (japonicas); replace- 
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ment of traditional cvs has been rapid since 1959-63 when 


the semidwarfs were developed and 1978 with the extensive 
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adoption of Fi hybrids; in Taiwan traditional indica cvs 4 
x "practically vanished after Taichung Native 1 was released : 


in 1961" (Chang, Adair & Johnston 1982). 


India: genetic erosion has been rapid in the irrigated areas 7 


(Chang, Adair & Johnston 1982). Until recently 5,500 cvs 
of which 700 were improved cvs (mostly | 
selections. from local stocks); since the early 1960s landraces i] 


were grown, 


arid local selections have been replaced by the {RRI cvs acd 


equivalent cvs bred in India in substantial arzas, especially 
in the plains; replacement is slow but accelerating in the 
tribal hill areas (Singh 1973). 


Indonesia: traditional cvs are indicas and javanicas; rate of re- 
placement by modern cvs has been rapid; genetic erosion 
"has reached a critical point in Indonesia's rice production 
‘centers due to the-spread of improved varieties" (IRRI 
1978); from 1971-72 to 1979-80 the proportion of the rice- 
growing area grown to traditional cvs fell from about 45% to 
30%, while the area under modern cvs increased from 31% to 
about 68% (the remaining percentages being occupied by 
local improved cvs developed prior to 1968); the rate and 
extent of replacement varies greatly with region (Bernsten, 
Siwi & Beachell 1981) -- see also discussion. 


Iran: all cvs are indicas; little genetic erosion has occurred, but 
the introduction of improved cvs and irrigation and drainage 
projects "continually threaten" to replace traditional cvs. 


Japan: all cvs are sinicas (japonicas); 20 leading cvs are grown on 
about 60% of the rice area; in 1962 1,302 local cvs were 
‘collected from farmers' fields. 


Culture of many of these 


ie een nee 


os 


evs had stopped 2-3 years prior to their collection; many 


of those still in cultivation have special culinary qualities 
(Nagamatsu & Omura 1975) -- see also discussion. 
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Kampuchea: adoption of modern cvs negligible (Chang, Adair & 


. occupy 60-75% of the rice area (Chang, Adair & Johnston 


Laos: 


Malaysia: 


Nepal: 


Pakistan: 


Johnston 1982); but many local cvs lost as a result of war 
(Swaminathan 1984). 


Korea (Republic of): all native cvs are simicas; modern indica- 


sinica intermediates have spread rapidly since 1971 and now 
1982) . 


the spread.of modern cvs was negligible in the early 1970s 
(apparently no more recent data) (Chang, Adair & Johnston 
1982). : 


modern cvs grown on 53% of rice area by 1977/78 (Herdt 
1981). 


genetic erosion is slow overall, with local cvs still being 
grown on more than 80% of the rice area, predominating in 
the hills; however, in the Kathmandu and Chitawan valleys 
modern introduced cvs occupy 75% (mor~ than 80%, accord- 
ing to Chang, Adair & Johnston 1982) oi the rice area and 
genetic erosion is serious. ‘ 


most cvs are indicas; modern cvs bring a greai danger of 
genetic erosion, occupying 71% of the rice area in Sind, 40% 
in Baluchistan, 19% in North-West Frontier, and 13% in 
Punjab; Baluchistan, Azad Kashmir, and several districts of 
North-West Frontier are still rich in genetic diversity. 


Philippines: most cvs are indicas, some are javanicas; genetic 


erosion apparently advanced--of the tropical Asian 
countries, Philippines has the largest proportion (about 


~ 90%) of the rice area grown to modern high-yield cvs (but a 


substantial proportion of replaced cvs were foreign ones in- 
troduced before and after World War II) (Chang, Adair & 
Johnston 1982). : 
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) Sikkim: - modern cvs have been introduced but there is still 
ieee : considerable local variability (Arora 1981). 


: Sri Lanka: genetic erosion has been rapid since the early 1970s; 
| ag locally improved cvs are grown on more than 90% of the rice 
| area (Chang, Adair & Johnston 1982). 


' Thailand: genetic erosion in upland (wet season) rice is rather slow; 
the genetic diversity of lowland and floating rice is in 
serious danager of reduction as modern cvs are replacing 
local cvs ; this process is compounded by the extension and 
improvement of the irrigated area. 


Vietnam: "genetic erosion had already taken its toll in the late 1960s 
and early 1970s when the semidwarfs [modern improved cvs] 
spread rapidly in the favored areas" (Chang, Adair & 
Johnston 1982). 


Central and South America: genetic erosion almost 100% in irrigated 
and mechanized upland areas; there has been almost no 
erosion in the unmechanized upland areas. 


| USA: many of the cvs presently grown have rather similar genetic 
backgrounds. ; 
; GP1B: QO. sativa weed form spontanea (Indian subcontinent, Southeast 


Asia, s China); wild annual O. nivara Sharma & Shastry (Indian 
subcontinent, Southeast Asia, s China, n Australia); wild 
perennial O. rufipogon Griff. (Indian subcontinent, Southeast 
Asia, s China, New Guinea, tropical America) (Chang 1975, 1976a 
& 1976b). Construction of irrigation and drainage facilities, 
highways, industries and housing, together with the intensi- 
_fication of agriculture (which discourages the persistence of 
| weedy relatives) and the introduction of improved cvs (which 
facilitates roguing), have destroyed populations of all three taxa 
and threaten others (Chang 1975 & 1976b; IBPGR 1982a). Wild 
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a ae : 
rices became extinct in Taiwan in the 1970s (Chang, Adair & ’ 3 
Johnston 1982). Despite loss of habitat through deforestation 7 
(Whyte 1975), wild rices (chiefly form spontanea) are still 


abundant in s China: a survey of one county (Boluo) found that 
populations at 13 or 22 localities had remained unchanged (since 


: 

been reduced to a half or more of the original size (Chen, Liang 
5 3 

| 


when was not specified), 3 had been reduced slightly, and 6 had i 2 
& Yu 1980). | ; 4 
: GP2: Domesticated O. glaberrima Steud. (West Africa; Dl upper Niger 3 
cz River & Niger inland delta) and its GP1B: O. glaberrima weed . 4 
i form stapfii (West Africa); wild annual O. barthii A.Chev. (West q 
Africa, e to Sudan & s to Tanzania & Zambia); wild perennial O. ; 
| longistaminata Chev. & Roehr. (tropical Africa incl, Madagascar) } 
| (Bezancon et al, 1978; Chang 1976b). O. sativa cvs are quickly i 
| Sens Oo. glaberrima; the Seige occupied 2S jolt: rice is : 
| decreasing and genetic diversity in the species is being eroded ’ 
| (IRRI 1978; Sharma & Steele 1978). A large. number of landraces ; j 
| of O. glaberrima can still be found in Guinea (Bezancon, de i 
| Kochko & Goli 1984). O. longistaminata populations have been 
= reduced in number (IRRI 1978). 
| | 
GP3: Includes at least six other Oryza species (all wild); genome | 
| designations are given in parentheses (GP1 & GP2 spp. are AA): 
| Q. australiensis Domin. (EE) (Australia), O. brachyantha Chev. 
| & Roehr. (FF) (West & Central Africa); O. latifolia Desv. 
| (CCDD) (Central & South America); ©. minuta (BBCC) : 
| (Southeast Asia);'O. officinalis Wall. (CC) (South & Southeast 
i Asia, s China); O. punctata Kotschy (BB, BBCC) (Africa) (Oka 
| pers. comm. 1981). Assumed to include remaining Oryza species 
| also (all wild): O. alta Swallen (CCDD) (Central & South 
i 2° America); O. eichingeri Peter (CC, BBCC) (East & Central 
Africa); ©. grandiglumis (Doell.) - Prod. (CCDD) (South 


| America); O. granulata Nees & Arn. (?) (South & Southeast 
Asia); O. longiglumis Jansen (?) (New Guinea); O. meyeriana 
(Zoll. & Mer.) Baill. (?) (Southeast Asia, s China); O. ridleyi 
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Hook.f. (?) (Southeast Asia); ©. schlechteri Pilger (7) (New 
Guinea) (Chang, Marciano & Loresto 1977; Khush 1975; Khush . 
pers. comm. 1982). No data on status, except that in the 
Philippines O. meyeriana and QO. minuta are said to be abundant 
CIRRI 1978). 


Saccharum officinarum L. sugarcane $2,550m (22/78) 


Modern commercial cvs of sugarcane are complex hybrids involving the 
original GP1A species S. officinarum (2n=80), .wild GP2 species S. sponta- 
“neum L. (2n=40-128), the horticultural hybrid group (GP2) "barberi- 
sinense" (2n=82-124), and to a limited extent the wild GP1B species S. 
robustum Brandes & Jeswiet (2n=60,80). The hybrid cvs (2n=100-125) are 
often designated as "Saccharum spp. hybrid", although their S. 
officinarum content is very high (in female S. officinarum x male S. 
spontaneum crosses, the somatic chromosome number of S. officinarum is 
transmitted intact and then increased in the first backcross, while the 
chromosome complement of S. spontaneum is first halved and then further 
reduced [to about a quarter]). It seems appropriate to retain S. 
officinarum as the name of the crop (GP1A) but expand the GP1B to in- 
clude all other Saccharum taxa. The GP2 would include genera, such as 
Miscanthus and Imperata, that apparently can be hybridized more readily 
| with the hybrid cvs than with the noble canes of S. officinarum L. (Price 
| 1957, 1965a & 1965b; Roach 1971; Simmonds 1976b). 


GP1A: D1 New Guinea (Simmonds 1976b). 
D2 Oceania, Southeast Asia (Simmonds 1976b). 

Increasing availability of crystalline sugar and other changes in 
life style associated with development have resulted in the 
abandonment of native gardens where traditional cvs are 
maintained (Berding &. Koike 1980; Daniels, Smith & Paton 1975). 
Genetic erosion high in n India, low in s Fhilippines and 
Indonesia (Kalimatan, Irian Jaya) (IBPGR 1982b) 
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y GP1B: Horticultural hybrid group “barberi-sinense": D1 ne India to s 
: Chita (Simmonds 1976b). S. robustum (incl. 8. sanguineum 
{Grassl] Grassl); wild: Indonesia (Kalimantan to Irian Jaya), 
o Papua New Guinea, Solowon Is., New Hebrides (Price 1965a). S. 
e ap spontaneum; wild (incl. weedy types): tropical Africa, North 
: Africa and insular Mediterranean, West Asia, South-Central Asia, 
: Indian subcontinent, East and Southeast Asia, New Guinea to Fiji 
: _ (Panje & Babu 1960). Valuable germplasm of wild Saccharum and 
related species has already been lost as a result of urbanization 
and agricultural expansion in Malaysia, Indonesia, Papua New 
ie Guinea, and India (Daniels, Smith & Paton 1975; Sreenivasan, 
ees Palanichamy & Koppar 1982). Such pressures, combined with 
forestry and mining developments, continue to erode the wild 
gene pools of Southeast Asia and New Guinea (Berding & Koike 
1980). Genetic erosion high in "barberi-sinense" in Burma and 
Thailand, S. robustum in New Guinea (both Irian Jaya anc 
Papua New Guinea), and S. spontaneum in n Pakistan and Iran, 
| genetic erosion medium in S. robustum in Indonesia (Sulawesi, - 
| Seram, Halmahera, Burv); genetic erosion low in S. spontaneum 
| in East Africa, Egypt, Turkey, Iraq, s USSR, Afghanistan, 
Bangladesh. India-China border, Burma, Thailand, Kampuchea, 
Laes, Vietnam, Malaysia (IBPGR 1982b). 
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| 6GP2: Includes species in several other genera--Eccoilopus, Erianthus, 
Imperata, Miscanthidium, Miscanthus, Narenga, Sclerostacnya, 
| Sorghum, Zea (some may be GP3)--of which Miscanthus is 
| currently considered the most useful in breeding (James 1980; 
Price 1957). Genetic erosion in Miscanthus is; high in- the 
Himalava (Bhutan and Nepal), China, Southeast Asia and New _ 
Guinea (Irian Jaya) (IBPGR 1982b). 
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- Sorghum dicolor (L.) sorghum & broomcorn $1,442m (99/01) 


| Moench. 

| 

) GP1A: Ssp bicolor (races bicolor, guinea, caudatum, kafir, durra and 4 
] intermediates). | ? CAR oc is 
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GP1B: 


GP2: 


a 


D2_=siIndia. 

The extent of genetic erosion in Africa "varies enormously from 
region to region. depending to a considerable degree on the 
amount of plant selection work and the success of extension 
programmes. The American types of hybrid grain sorghums are 
adapted only in South Africa and have not displaced indigenous 
landraces elsewhere. The impact in South Africa, however, may 
be considerable. In Upper Volta there his been a wide scale 
replacement of landraces by varieties selected out of them. The 
genetic erosion is probahkiy considerable. Similar trends are 
underway in Sudan, Nigeria, Niger and Senegal, but as of the 


present moment the indigenous landraces are still to be found 


almost everywhere in: Africa and the threat of serious genetic 
erosion is not immediate. There is evidence, however, that the 
situation could ‘change drastically in the next few years" (Harlan 
1973). Zimbabwe is still a valuable source of diversity, but indi- 
genous material is being lost (dve largely to replacement of 
sorghum by maize), and collection is of the highest priority 
(Toil & Gwarazimba 1983). In PDR Yemen there is no major 
danger of loss of germplasm as so far only the local cvs meet 
farmers' needs (Mu'Allem 1981). 


Ssp arundinaceum (spontaneous races arundinaceum, aethiopicum, 
virgatum, verticilliflorum, propinquum, shattercane;: Africa 
(Harlan & de Wet 1972; de Wet, Harlan & Price 1976). Race 
arundinaceum is spreading as tropical forests are cut back 
(Harlan 1981); stands of race aethiopicum have disappeared from 
some sites in Sudan due to overgrazing associated with resettle- 
ment pregrammes; and stands of race verticiliflorum are being 
destroyed as additional areas of savanna are brought into culti- 
vation (Harlan 1973 & 1975). 


None Known. 
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GP3: S. almum Parodi; domesticated (forage) and wild: Argentina. Ss. 
halapense (L.) Pers.; wild (Mediterranean region) and a noxious 
cosmopolitan weed (Cox pers. comm. 1981; Doggett 1964 & 1976). 
No data on status, but genetic erosion unlikely. 


Triticum aestivum (L.) ‘shell. common wheat, 3 

club wheat } $8 ,867m (100/0) 
Triticum turgidum (L.) Thell. macaroni (durum)  } 
wheat } 


Gene pools are defined in terms of T. aestivum. 


GP1A: All ssps of T. aestivum (hexaploids, genome AABBDD) 
(compactum, macha, spelta, sphaerococcum, vavilovii, vulgare). 
D1 Southwest Asia. 
D2 South-Central Asia, East Asiz, Mediterranean region (North 
Africa). 


Afghanistan: "When this survey was made [early 1970s], 
Afghanistan's wheats seemed safer from genetic erosion than 
almost amy others. Since then, two years of drought, 
harvest failures, and catastrophic famine have drastically 
changed the picture. Thousands of tons of seed have been 
imported. Introduced varieties now predominate in many 
parts of t..s country. In mountain areas where previously 
only indigenous varieties have ever grown, introduced 
varieties have now widely replaced them. Afghanistan is a 
warning that genetic erosion does not follow a predictable 
course, and that genetic conservation programmes must 
never be relaxed, even in regions considered safe fron 


genetic erosion" (Bennett 1973a). 


Algeria: the native wheats are rapidly Gisappearing as they 
are replaced by introduced cvs (Bennett 1973b). 


Bhutan: Indian cvs replacing native cvs (Chapman i984). 
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Cyprus: native races persist, largely due to their incorporation 
in modern but rather variable cvs (Bennett 1973b). 


Egypt: genetic erosion extremely high in the north; in the 
. south landraces still provide a remarkable source of genetic 
variation that has not yet been eroded (Porceddu 1979). 
Most of the crop is composed of modern cvs (IBPGR 198le). 


Greece: genetic erosion is far advanced, even in the mountain 
villages ; the percentage of primitive cvs in the Greek wheat 
crop fell from 80% in 1930 to 10% in the late 1960s: although 
there has been some agroecotypic differentiation in the 
introduced cvs, only rarely can genuine local races be 
found; these are now restricted to the most isolated moun- 
tain areas (Bennett 1973b). Genetic erosion severe with the 
introduction of new cvs, new techniques and new crops; 
much of the northwest coastland has recently changed from 
cereals to fruit and vegetable production (IBPGR 198le). 

India: during the 1940s and 1950s the mixed landrace popula- 
tions of the northern plains (the main ‘wheat area) were 
replaced by improved cvs derived from them; by the late 
1960s these in turn had been replaced by the Mexican 
wheats, which have aiso sp ead to other wheat areas; very 
little variability remains in tne plains, but local wheats still 
survive in pockets in the hill areas (Singh 1973). 


Iran: in the Caspian Sea zone iocal populations and cvs have 
been completely replaced by introduced cvs, which also 
occupy 90% of the wheat area in Khuzistan ‘sw Iran); intro- 
duction programmes are increasing and threaten the diver- 
sity of native gene pvols, althouch traditional cvs were still 
being grown under rainfed conditions in Azerbaidjan and 
Khurasan (nw & ne Iran respectively); "in many areas, 


crops sown to indigenous varieties are not only rare and 
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indeed sporadic, but are not consistently grown in any 
areas, small as they may be" (Frankel 1973). Spelt (ssp 
spelta) cultivation, formerly practised in the high plateau of 
central Iran, disappeared completely between 1957 and 1972 
(Kuchuck 1973). 


Israel: traditional landraces being replaced by modern cvs 
(Chapman 1984). 


Nepal: 80% of the wheat area is sown to improved cvs ({BPGR 
1978c). Two distinct types of modern wheat--pre-Mexican and 
Mexican; the former, introduced 1950-1965, caused little 
genetic erosion of local germplasm (in fact it added to the 
diversity) because it was always grown side py side with 
the local cvs; in contrast; many farmers abandon local cvs 
within 2 years of starting to grow the Mexican (CIMMYT 
derived) cvs; local germplasm is disappearing rapidly; and 
is expected to go on doing so with the introduction of 
Mexican cvs with outstanding adaptability such as RR21 
(Erksine & Bourgois 1979). 


Netherlands: spelt (ssp spelta) is no longer cultivated, and 
the last remaining collection of Dutch landrace cvs was dis- 
carded and is now lost (Zeven 1979). 


Pakistan: replacement of native populations by modern uniform 
cvs is very advanced and there appears to be "relatively 
little left to be salvaged" (Frankel 1973). Genetic erosion 
occurring in Raluchistan only in areas where irrigation is 
available; genetic erosion generally severe in Azad Kashmir 


due to introduction of Mexican lines (Chapman 1984). 


Poland: local races are still grown and are also maintained as 
coraponents of both recent and older cvs; the local races 


are highly variable (Hanelt 1979). 
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Spain: Ssp spelta found mainly in the Asturias; old local cvs 
of ssp vulgaré mainly confined to Galicia and Costa Vasca; 
seed of iaproved cvs widely distributed and genetic erosion 
is very much advanced (Porceddu 1979). fost of the crop in 
n Spain is composed of modern cvs bvt in some areas 


farmers continue to grow their traditional cvs (IBPGR 19Sie). 


Turkey: improved cvs have very nearly replaced local materizl; 
there are sporadic -remnants in the Ponti¢ and Taurus 
mountains (Kjellqvist 1973). 


USSR: genetic erosion is high in Georgian SSR (Anonymous 


1983; Chapman 1984). 


PDR Yemen: the danger of losing germplasm is increasing due 
to the accelerated adoption of high response cvs during the 
last 7 years; with the introduction of mechanization, among 
other measures, "HYVs" will cover nearly 67% of the wheat 
area by 1984-85 (Mu'Allem 1982). 


None. 


Le zhukovskyi Men. & Er. (hexaploid, genone AAAABB); domes- 
ticated: USSR (Georgia). T. turgidum (tetraploids, genome 
AABB); domesticated Ssps carthlicum, dicoccon, paleocolchicum, 
turgidum (this last includes the durum cvs) D1 Mediterraneen 
region, Southweat Asia; D2 Ethiopia, India; wild ssp dicoccoides 
(Korn.) Thell. (Southwest Asia). T. timopheevi Zhuk. (tetra- 
ploids, gencme AAGG); domesticated ssp timopheevi Zhuk. Dl 
USSR (Georgia); wild ssp araraticum (Jakubz.) MK. (Turkey, 
Iraq, Iran, sw USSR). (Croston & Williams 1981; Feldman & 
Sears 1981; Heyne & Smith 1967; Morris & Sears 1967). 

Data on Status of T. turgidum domesticated ssps-- 
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North Africa (general): plant breeding began in the 1900s using 


indigenous germplasm with the aim of saving gene blocks 
that (for example) conferred disease resistance and adapta- 
tions to local conditions; these new selections spread 
quickly, displacing old local populations over vast areas, 
including areas for which they were not selected; as a 
result, crop losses occurred due to septoriosis, a disease 
well tolerated by the landraces; subsequentlv the spread of 
cvs based on introduced germplasm substantially increased 
the danger of genetic erosion (Porceddu 1979). 


Algeria: in the Atlas Mountains large areas administered by co- 


operatives are planted with one or few cvs; independent 
farmers grow the same cvs to be sure of selling their crop; 
except in a small zone where traditional mixtures of lines 
are still grown, only 3 indigenous cvs (modern varietaily 
pure selections from landraces) are now cultivated. In the 
oases cultivation of wheat has declined sharply since 1965, 
due to increased cultivation of vegetables as a cash crop, 
emigration to towns, and abandonment of some oases because 
of the current drought cycle; in one region only 3 popula- 
tions of wheat were found where 18 landraces were sa‘d to 
exist in the past. By contrast in the poor and isolated 
Ahaggar mountains in the south, there is little danger of 
genetic erosion: "the Touaregs prefer to cuitivate the 
landraces instead of the new ones provided by the M‘uistry 
of Agriculture, because the former have a shorter cycle and 
other not well defined advantages ...[; the] Touaregs eat 
the seeds given from the State and continue to cultivate 


their own cultivars" (Porceddu 1979). 


Egypt: genetic erosion in durum wheat is not yet severe due 


to the fact that few if any new cvs have been introduced 
(Porceddu 1973). 
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Ethiopia: severe genetic erosion observed in Arsi (only 2 local 
types remain in cultivation); genetic erosion not severe in 
Wollo, Shoa or Gemu Gofa (IBPGR 198le). 


Greece: as for T. aestivum; severe genetic erosion has already 
occurred; even in mountain areas where landraces persist, 
a few landraces have replaced the former rich spectrum of 
variation; in Crete the main plains are almost completely 
planted to fruit and vegetable crops and wheat is no longer 
grown; landraces are still grown in the mountains of Crete, 
but introduced cvs are increasing rapidly "because consi- 
derable amounts of seed have been and continue to be 
distributed by the agricultural banks and credit organiza- 
tion" (Porceddu 1979). Greece still a rich area of genetic 
variability for durum wheat (Chapman 1984). 


India: the threat to local durum germplasm in central India 
is less than that to T. aestivum because the former grows 
under exacting unirrigated conditions, while the latter is 
grown mainly under irrigation for which many improved cvs 
are availabie (Arora & Kopper 1981). 


| Iran: there is a great deal of variation in populations in 

! Kermanshah (the main durum growing province), but it is 
threatened by introduction «rogrammes, which are _ in- 
creasing (Frankel 1973). 


Italy: heavy genetic erosion but ssp dicoccon still cultivated 
(Chapman 1984). In Sicily many extensive areas grow only 
uniform cvs yet a surprising amount of genetic diversity 
still exists; in addition to local forms that can be found 
mixed witli modern cvs, landraces still make up the bulk of 
the crop in the interior of the island, outside the major 
wheat area (Bennett 1973b). 


Morocco: landraces seriously threatened (IBPGR 1984). 
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Libya: genetic erosion (in both T. turgidum and T. aestivum) 
is not great (Porceddu 1979). The Fezzan area is still rich 
(Lehmann & Hammer 1983). 


Pakistan: in Azad Kashmir local durum races are almost extinct 
(Chapman 1984). 


Spain: ssp dicoccon forms are now restricted to the mountains 

of the Asturias and Navarra; ssp turgidum, formerly widely 

grown throughout the country with numerous local forms, is 

now practically restricted to the mountains cf Estremadura, 
Andalusia and Valencia (Porceddu 1979). 


Tunisia: in the northern mountains and coastal ranges, wnd in 
most of the oases, field crops have been replaced by fruit 
and vegetables; old local cvs, similar to those of the 
Algerian Atlas, persist in El Kef province (the Tunisian 
Atlas) (Porceddu 1979). 


Turkey: as for T. aestivum. 


Yemen AR: introduced cvs will have an effect on the fre- 
quency of traditional cvs in cultivation; ssp dicoccon is 
rapidly declining in area as other crops with lower labour 
requirements replace it (IBPGR 198le). 


Data ca status of other GP2 taxa-- 

T. turgidum dicoccoides: throughout much of its range in 
southwest Asia reduced by overgrazing to confinement to 
rocky or stony habitats where it can escape grazing pres- 
sure; where grazing is noderate it can be found growing in 
deep soil in large and dense siands, forming (with s.vens 
sterilis and Hordeum spontaneum) the main annual grzss 
component cf the lush herbaceous cover of the submediter- 


ranean or semi-steppe herbaceous shrub formation; when 
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GP3: 


grazing pressure is relaxed or ceases altogether, stands 
have recovered spectacularly (Zohary & Brick 1961). 

T. timopheevi timopheevi: listed in the Red Data Book of 
USSR (USSR Ministry of Agriculture 1978). 

T. timopheevi araraticum: listed in the Red Data Book of 
USSR (USSR Ministry of Agriculture 1978). 

T. timopheevi and T. zhukovskyi have completely disap- 
peared from cultivation over the last 2 decades (Anonymous 
1983). 


Large and expanding. Can be grouped into two, of which only 
the first will be listed here: (1) Triticum and Aegilops species; 
(2) species of other genera that have been successfully crossed 
with T. aestivum (Agropyron, Elymus, Haynaldia, Hordeum, 
Secale) (Feldman & Sears 1981; Sharma & Gill 1983; Zohary, 
Harlan & Vardi 1969). The first group can be further subdivided 
as follows: 


he Diploid donors of AA & DD genomes--T. monococcum 
L. (AA); domesticated ssp monococcum D1 Southwest 
Asia; wild ssp boeoticum (Boiss.) MK. (Southwest Asia, 
Bulgaria, Greece, Yugoslavia, Albania). T. urartu 
Tum. (AA); wild: Southwest Asia. Aegilops squarrosa 
L. (DD); wild: Southwest & South-Central Asia. 


ii. Diploid species (all wild) with genomes homeologous to 
wheat: Aegilops bicornis (Forsk.) Jaub. & Sp. (Libya, 
Egypt, Israel); A. caudata L. (Southwest Asia, 
Greece); A. comosa Sibth. & Sm. (Greece, Turkey); 
A. longissima Schweinf. & Muschl. (Egypt, Israel, 
Jordan, Syria); A. mutica Boiss. (Turkey); A. searsii 
Feld. & Kis. (Israel, Jordan, Syria); A. speltoides 
Tausch (Southwest Asia); A. umbelluiata Zhuk. 
(Southwest Asia, Greece); A. uniaristata Vis. 


(Yugoslavia, Albania, Greece, Turkey). 
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iii. Polyploid species (all wild) with one genome (DD) 
homologous: to wheat: A. crassa Boiss. (Southwest & 
South-Central Asia); A cylindrica Host (South Europe 
to South-Central Asia); A. juvenalis (Thell.) Eig 
(Afghanistan, s USSR, Iran, Iraq); A. vavilovii 
(Zhuk.) Chenn. (Southwest Asia); A. ventricosa 
Tausch (South Europe, North Africa). 


iv. Polyploid species (all wild) with genomes homeologous 
to wheat: A. columnaris Zhuk. (Southwest Asia); A. 
kotschyi Boiss. (italy, Greece, North Africa, South- 
west Asia); A. lorentii Hochst. (Algeria, South Europe, 
Southwest Asia); A. ovata L. (Mediterranean region, 
Iran); A. triaristata Willd. (Mediterranean region, 
Iran); A. triuncialis L. (Mediterranean region to 
Soutnh=Central Asia). 


The acreage of T. monococcum monococcum (einkorn) in 
Turkey has decreased drastically "in recent years" (Kjelliq- 


vist 1973). In Italy there is heavy genetic erosion but ee? TO: 


monococcum is still grown in Basilicata, Campania and Molise 
(Chapman 1984). T. m. boeoticum is abundant on ungrazed 
Sites at 400-1000m in ne Greece (IBPGR 198le). T. monococ- 
cum boeoticum and T. urartu are listed in the Red Data 
Book of USSR (USSR Ministry of Agriculture 1978). Aegilops 
are abuniant in Cyprus in open and disturbed habitats 
(Chapman 1984). In France there has been some loss of the 
habitats of A. lorentii, A. ovata, A. triaristata and A. 
triuncialis due to uibanization (more exploration is required) 
(Chapman 1984). In Greece there is a wealth of Aegilops 
spp in the Lassiti plain and the base of the Ida mountain 
(IBPGR 1981e) - 


Wild taxze (geieral): wild material is underrepresented in 


collections but is not seriously threatened by genetic erosion 
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Zea mays L. maize 


GP1A: 


at present (IBPGR 1984); in Iran wild taxa "are the most 
threatened by overgrazing, ccforestation and mechanization 
of agriculture’ (IBPGR 198le); northern Iraq is very rich 
in wild re.atives of wheet--grazing intensity and agricul- 
tural pressures are very low and these species are "found 
over huge areas often in dense stands"; T. turgidum 
dicoccoides and T. urartu, for example, are Ilccally wide- 
spread and abundant (FAO & iBPGR 1979). 


ssp mays 


Dl Mexico, Central America (especially Guatemala), Andes, low- © 


land Northern South America, iowland Southern South 
America, USA (Brown & Goodman 1977). 
D2 West Indies, Amazon basin, China, Southeast Asia, 


Himalaya, Mediterranean region, Southwest Asia, Africa. 


Much of the indigenous corn of the USA was replaced by modern 
hybrids prior to the implementation of an organized program of 
germplasm preservation (Brown & Goodman 1977). 

In the West Indies many cvs have been replaced by modern 
hybrids: an estimated 90% of the maize grown in Jamaica consists 
of hybrid cvs (Brown & Goodman 1977). In Columbia 20% of the 
local germplasm is lost each year (IBPGR 1981f). Locally im- 
proved cvs are replacing traditional races in the oases of coastal 
desert Peru and Chile (Leon 1973a). In Bolivia "social and politi- 
cal disturbances" have led to the loss of some of the superior 
races, which are no longer found in the markets (Leon 1973b). 
Modern cvs are grown on only about 15% of the maize area in 
Nepal (IBPGR 1978c); and there appears to be no imminent 
danger of loss of traditional cvs in India (Singh 1973). cIni the 
Georgian SSR (USSR) local cvs can now be found in only a few 
localities (Anonymous 1984). In Kosovo and Macedonia (Yugo- 


slavia) some farmers preserve local populations either because 


there are no suitable hybrids for cultivation at higher altitudes . 
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-GP1B: 


GP2: 


or because they prefer “domestic seed" for human consumption 
(Radovic & Zivcovic 1983). In Zimbabwe the genetic resources 
of traditional cvs have been lost due to replacement by locally 
bred hybrid cvs; "a few sweet corn and flint landraces were 
collected from farmers who showed a preference for their taste 
and storage ability" (foll & Gwarazimba 1983). 


Z.-mays ssp mexicana (Schrader) Iltis (Nobogame, Central 
Plateau and Chalco teosinte); essentially a weed of maize fields: 
Mexico. Z. m. ssp parviglumis Iltis & Doebley (Huehuetenango 
and Balsas teosinte); wild: Mexico, Guatemala. Z. luxurians 
(Durieu & Ascherson) Bird (Guatemala teosinte); wild: s Guate- 
mala, Honduras. Z. diploperennis Iltis, Doebley & Guzman 
(diploperennial teosinte); wild: Mexico (Jalisco). (Doebley & I'tis 


1980; Iltis et al. 1979; Wilkes 1967}. The ranges of the two sub-- 


species have been halved since 1900; they exist only as 
scattered populations, even the largest of which are under 
pressure from intensification of agriculture (clearer cultivation), 
conversion to crops other than mniize, and overgrazing by 
livestock; since 1960 the rate of population extinctions has been 
accelerating (Wilkes 1972 & 1977). The same pressures affect Z. 


luxurians, which of the three wild annual taxa is the most 


threatened with extinction in its native habitat, surviving only 


where it can escape grazing pressure alo.g fencerows and among 


rock outcrops (Wilkes 1977). 


Z. perennis (Hitchec.) Reeves & Mangelsdorf ([tetraploid] peren- 
nial maize); wild: Mexico (Jalisco) (Doebley & IlItis 1980). 
Tripsacum dactyloides (L.) L.; wild: USA, Mexico, Certral 
America, South America. T. floridanum Porter; wild: USA (FL), 
Cuba. (de Wet 1979; de Wet, Gray & Harlan 1976; de Wet et al. 
1981). Eleven other Tripsacum species may be in the GP2 or GP3 
of maize but crossability data apparentiy are lacking. All are 
wild except for T. andersonii Gray (a domesticated forage 
species, which aiso occurs spc taneously in much of tropical 


America). Four of the wild species are nmarcow endemics: ty 
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bravum Gray (Mexico); T. cundinamarce de Wet & Timothy 
(Colombia); T. maizar Hern. & Randolph (Mexico); T. 
zopilotense Hern. & Randolph (Mexico). Distributions of the 
remainder are: T. australe Cutler & Anderson (South America) ; 
T. fasciculatum Trin. (Mexico, Guatemala); T. lanceolatum Rupr. 
(USA: AZ; Mexico); T. latifolium Hitchc. (Mexico to Costa Rica); 
T. peruvianum de Wet & Timothy (Ecuador, Peru); T. pilosum 
Scribn. & Merr. (Mexico to Honduras). Of the confirmed GP2 
species, Z. perennis and T. floridanum are _ considered 
endangered (Ayensu & DeFilipps 1978; Lucas & Synge 1978). No 
data on the status of the other species. , 
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Abstract 

Plant taxonomy, which studies the characterization, naming, 
and clessification of planta, has been reaponeible for the 
development of our knovledge of the diveraity and distribution of 

ithe eatimated 265,000 aenpecies of planta that exiat on Earth. 

About two-thirds of these plants occur in the tropics, where the 
survival of many is threatened by human activity, and the 
remainder in temperate zones. The inventory of plants ia far 


from complete, particularly from tropical aresae, where many 


epecies remain to be digcovered and many others are known from 
one or a few apecimena. The eituation in temperate ereae ia 
better, though there is still no comprehensive treatment of the 
Plante of North America. infcrmation concerning the diversity of 
_ Plante ie ecattered in hundreds of thousands of published booke 
| and journal articles, and electronic data banking of this 
_ information ig just beginning. Advances in our knowledge of 
| plant diversity are hampered by a lack of trained taxonomists 
(the world-wide pool ehould be at least eight times ite current 
esize>, lack of adequate facilitiee to estore and etudy specimens, 
and the lack of sufficient specimens to properly access diversity 
| and dietribution. Knowledge of this kind ia essential to a broad 
| e@pectrum of basic and applied research and ig used by those who 
enjoy botany ae a leisure time activity ase well. Coneervation 
| activities ee on taxonomic knowledge for identifying 


endangered plants and managing populations and ecosyetems. If we 
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are to adequately inventory plante and maintain Natoreation 
systema about them, there must be a commitment to preciseiy 
identify the gaps in our knowledge, training more taxonomiste 
(domestically and internationally), providing support for 
taxonomic atudies, and providing eupport to build and maintain 


facilities for epecimena and information storage in which to 


carry out the aetudiea. 
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1. State of knowledge of plant diversity. 


Our knowledge of the diversity end distribution of the 
eatimated 265,000 kinda of species of Plante that occur on Earth 
today ia primarily baged on the @etudy of the millione of 
specimens of these plants that have accumulated and been 
permanently stored for study and reference in herbaria, which may 
be free-etanding or, more commonly, parts of museums, botanical 
gardens, and universities. The etudy of these plante ie the 
concern of the d’acipline of taxonomy. 

Taxonomy, ‘broadly defined, is the etudy of the 
characterization, naming, and classification of plants, animals, 
and microorganiems. Orgenisms are characterized descriptively by 
their physical attributes, including for example gross 
morphology, anatomy, chemistry, and cytology, as well as other 
attributes such as habitat preferences, flowering and fruiting 
wenavior, Pevaicicay, genetics, and distribution. Information 


about the distribution of organisms is an important agpect of 


- texonomy, because a knowledge of where organieme occur ig 


critical to eo many other dieciplines. They are named according 


te carefully developed and precise rules, which riaeult in a 


system of nomenclature that assures easy, unambiquoue 


communications about plants. The information gathered in 


Characterizing organisme ia used to clasaify them into echemee 


that reflect their relationahipe in various waya. 


Classifications may indicate evolutionary relationships and may 


@id in the identification of newly discovered organisms. The 
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informetion that is cantsined in claeeificatione ia aleo ueeftul 
in identifying newly collected epecimenas of previously known 
organisms. Thus taxonomy provides basic information about the 
nature and relationships of organisms and a means of naming them. 
Secussion of the diversity and distribution of wild pPlents is 
based on information accumulated by taxonomic studies of planta. 

Modern atudy of plant divereity datee from the publication 


ef Species Plentarum by the Swedish naturalist Carl Linnaeue in 


1753. In thie two volume work, Linnaeus deacribed about 7,300 
species of plants, representing the flora of the world as known . : Fae 
to him at that time. He named each species, employing | 
| consistently for the firet time the Binoetst syetem of 
nomenclature etill used tids;. Under thie system, each especies 
of plant ig esesigned a name consiating of two Latin worde, a 
generic name and a epecific name. Thus the Binen al for tse 
white osk ia Quercus alba. Linnaeus arranged the planta he 
described in a classification baged primarily on sexual 
characteristics of plants. 

In the tvo and a quarter centuries since the publications of 
_Linneeue’s Species Plantarum, continued exploration and research 
hae resulted in the discovery, deecription, and naming of 
thougande of new epeciees af planta. New enecies are generally 

) detected when studying newly collected specimens and comparing 
them with descriptione and epecimene of previouely known plante. 
New species continue to be discovered at the rate of several 
thousand each year. Occasionally such comparative studies 
uncover new species that are based on old, previously 


misidentified collections. In the course of these studies known 
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species are restudied to gain a better underatanding of their 


character, relationships, and potential uses. Based on our 


current knowledge, there are an estimated 265,000 especies of 


j 


planta alive on Earth today. About 15,000 of these are 


teeticbing > 


bryophytes, i.e. mosses and their relatives. The remaining 


250,000 are vascular plants, those with internal conducting 


tiegauee, including the ferns, cone-besring plante, and flowering 
plants. (In thie discussion plants sare circumscribed in the 


modern sense, which excludes the algae, 20-24,000 species, and 


(rc Sab desert rene al aii: i ales Ne 


fungi, about 100,000 eapecies including the lichens, from the 


plant kingdom.) The remainder of th:e essay will be devoted to a 


sale hte aa la os BE 


idiecuesion of vasculsr plants, thoge that are conspicuaus in our 

day-to-day lives. 
Our knowledge of plants varies tremendously. , We know a 

great deal about a few species, particularly those that are 

l@aportant economically for one reason or another. This amounts 

les a few thousand species at the most, and mankind depends on 

lonly a few hundred species for most food, fuel, fier, and 

‘ornament. Even among some of thoee plante moet important to man, 

line fundamental facte remain obecure. Fr the vast majority of 

I the quarter-million epecies of plants we «now not much more than 


Can be diecerned from one or & few preesed, dried herbarium 


(8pecimene. Basically we have a grossa characterization of che 
plant, baged on ite morphology, have given it a binary name, and 
| 

have crudely placed it in a broad echeme of claseification. 


i Juet as our level of understanding of individual especies of 
| 


plants varies tremendously, our knowledge of where they occur 
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Hovever, it ie clear that the majority of 


also varies greatly. 


plant especies occur in tropical regione of the world. Cne-third, 
or about 80,000, of the species of plants occur in temperate 
zones, and two-thirds, or about 160,0C0O, occur in the tropics. 
The tropice of the New World are by far the richest with an 
estimated 90,000 epecies (Prance, 1977). Tropical Africa hae 
about 30,000 species, with an additional 10,000 occurring on the 
ieland of Madageecar (Brenan, 1978). Tropical Asia, including 
tropical Auetralia, hae about as iqoolepeniae (Prance, 1977). 

Taxonomic knowledge is bagic to all coneervation, since it 
Mibyides informetion Bout wheat there is in the world and where 
it occurs. Without this informetion there would be no basis for 
anavering the queetion, what is there to conserve. Present 
trende in taxonomy are rciining species concepts beyond mere 
morphological characterization, especially in temperate areas; 
Wfining our knowledge of the dietribution of plante; continuing 
the inventory of leeser known epeciee, especially in tropical 
ereaa. 

Thig knowledge of plants benefits plant conservation 
directly by providing information on the characteristics, 
distribution, and relatives of endangered plants. This 
| [a is essential to managing known populations, locating 
potential areas in which additional populations might occur, and 
heating areae for the introduction and eetabliehment of new 
eo latione of endangered plants. Taxonomic knowledge of non- 
endangered plants benefite coneervation of animale by providing 
information about ee habitats, food sources, and their general 


environmental contexts, which are dominated entirely by plants in 
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not areas. Without this information, management of known 
soulations is imposeible and discovery of the true extent 


nmbers, distribution) of populations is very difficult. 
2.Gaps in knowledge of plant diversity 


Two important gaps in our knowledge of plant diversity and 
ditribution are 1) the leck of eynthetic treatmenta af exiating 
irormation and existing collections and 2) lack of collections, 
epecially from tropical areas, on which to base euch treatmente. 
| synthetic floras have been published for Europe 
(aout 12,000 species; Tutin et al., 1964-1980) and the U.S.S.R. 
(pout 17,500 especies; Komarov et al., Sl ete 1964), and a flora of 
cine (32,000 species; Inetitute of Botany, Academia Sinica, 

159- ) ig well underway, with 36 of a projected 8&0 volumes 
pblished to date. 

The only north temperate area that does not have a modern 
fore ie North America (15-18, 000 epecies). Thue for the United 
Bikes there ig no single reference to which to turn to find out 
ven the most basic information, euch ae the distribution of e@ 
prticuler epeciee on a atate-by- -state baeia, let alcne identi-y 
tnewly collected plant specimen from a particular region of the 


ountry. Nor ig there any central data base that will answer 


| 


pay fundamentsl queetione about the plante of the United States. 


ne best that we can do ig refer to several recently publiehed 


neckliete, “Adah compiled from previouely available information 
ad reviewed or specialists ijn various families or geographical 


reas (see Shetler and Skog, 1978; Kartesz and Kartesz, 1980; 


7 — oP + — —_— ay eres OT pias 


_ “ a - aan rs as<46s = ed —— —o ee mG, 
«~* — — a = a . 
err ny ae o. ee re aeeenete etter am oe 
i : a ~ nal 7 a j 


= Spey : 


ee, 


" am 
; F TY . Sneacrs am at I Las | wtat alta?z? 


} ; 
q Ya 
“ > 4 J “7189 
i { Pap ar? { 
+ ere co 
: i lestages 
, : 
. ’ n j 1, eak 
; j y ;| ,eels 
; i 
an 
’ bd ; fu 
ra 
‘¢ ** es 
: t : te oted? 
; i+ 4 : teaupi Li 
P : a . ao 
' & bit [atesvec © at ® ib o8n SY 
"4 3 (aALlltava — : Ssilqwan Y 


Soil Coneervation Service, 1982a, 1982b). Theee provide regional 
diatributionel data, for example "North Central," and minimal 
information about the characterization of particular species, for 
example "perennial, natives epiphytic, woody vine" (see Shetler 
and Skog, 1978). 

The eituetion vith respect to tropical areae ig much vworge. 
Reasonably up-to-date floraa have been published for a fer, 
mostly rather emall areas, for example Guatemala (Standley et 
al., 1946-1977), Panama (Woodson and Schery, 1943-1981), and lang 
term projects, which will require decades to canal ete at erent 
yates, are underway for some large areas, for example cent 
tropical Africa (Turrill et al., i1952- »), and Malesia 
(Steenie, 1948- ». These efforte suffer from a general lack 
of adequate funding to support collecting in the areas under 
study. 

Taxonomic knowledce depends on specimens for s*udy, and 
without an adequate epecimen bagze, published floras may be of 
little use in identifying plants. For example, publication of 
the Flora of Panama began in 1943 and ended in 1981. Thia flora 
ie "monographic" in format, that ie to say the epecies are 
treated with full descriptions, illustrations are provided for 
many and specimene etudied are cited, with their locality sand 
collector’s name given. During most of the period from 1943 


until the early 1960e, little collecting wae carried on in 


. Panama, and the volumes of the Flora of Panama published during 


that periscd were based on studies of collectiona made mostly 
during the period 1930-1¢°45. After about 1965, exploration was 


resumed. Study of the new.y callected epecimene revealed = that 
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Many previously unknown epecies exieted in Panama and entirely 
new epecies were conetantly heing digcovered. The published 
flora treats only about 6,200 of the estimated 8-10,000 species 
that occur in Panama (D’Arcy, 1980; D’Arcy and Correa, 1985). 
The earlier fascicles of the Flora, those published in the 1940s 
and 1950s are virtually useless, because they were based on a 


graeely inadequate sample of the flora. Exploration and etudy of 


the flora ox Panama continues, and in the five years since the 


completion of the original publication an addition 2080 species 
have been catalogued as occurri.g in Panama, representing én 
increase of 40% aver the flora known in 1981 (D’arcy, 1985). 

Turning to «he second gap, the lack of collections on which 
to base etudies, the large land naesee of the north Pornenets 
zone are fairly well collected, but the problem is particularly 
eevere in tropical areas, where, of course, the greatest 
diversity Of plants occure. Thig lack of eee meane that we 
Gan only crudely estimate the number of especies that occur in 
many rejyione of the globe, basing our estimstee on the number of 
epecies known from areas with similar habitats and on the ae 
at which species are being newly reported from the areas under 
consideration. The South American country of Bolivia serves as 
an example. The aerea of Bolivia ie about 1,098,000 exquare 
kilometere, three timee the eize ar Calirfarnia. Bolivia liee 
entirely within the tropice, About 8,000 epecisa af plante have 
been recorded fram Bolivia, baged on 90,0CO collections. A 


reasonable estimate of the number of species occurring in Bolivia 


ie 18,000 (Solomon, 1985). (About 5,000 species of plants are 


- A i Vatny on = 7 


i ‘. . 
t - ; _ ! _ 
e ee oes 
SOO on Ie Ome 1A ~ ar oa ren ps i= a ap es A nee erat hate 2 ae - 
2 ee ae er ohyeelens oe = oy eect a eae: a each , 
‘ : a a a TT — —4 aaa ; . = en re ’ 
- 


a ee ~ 


“ar. 


iY 
% 


4 y - 3 4 . io 
a tesa® &: beftetue eeineda Awantnt {ee 
| + > oh. Le | ? § | » a 


“4 . « {tne tacad 
Pade l i eta 2 aT »e BVA ih 2 §eo% ys 7% zat Ae. 
ars A a a 
> . 2 - oP eh , ee 
as TY O12 ; 2 e aft to OOS .2 fiyuceca \ Sava ; 
: r 3c ee vworA ‘qj co mca 
a oe . :% 9 id 


; : j ~2.9 ef? tS we Ss toe at = 
Cys ars ' Amki di af . “ 


* al om « ‘ 
uveEeDad au ylicw 
£ ~~ 7 eT a 
1 3 } BR sid &@ 
; ' ys 
% ; rs 2 553005 A 
pd f a} 
‘ =) LJ i bi oR: a 
} ~ , ~ 
A . 


' > en tava 
, « 
rm “Oly mm it 
ones , 
ii f af =< i é % 
‘ f J uD LOS 
= * 
civ mM. Bike 
= <t BY =) aw la 
, : ie 
3 : 
vi ee £ WGéle en 
9 . Jjiw @a0 TR Mot nee 
7 
a >t a i { © i 
7. c o ite 4 Ta | 7 


Ac 


‘ a } re - 4 
: t nt vb P y t A 
. - oo tia. iQ & > @i2 aa £ _Eee > 


isene & ‘ rWOGA £5 staan? si’ akas ¥ 


* ‘ _c aoe | 
=4 pull , é7¢ oan As Rive Let @aos2a > 


" 


> onl —oe cahasaqe bo sacdwun sat 3 »fanis=a 


| 


| 
| 
| 


{ 
: 


| 
| 
| 


142. 


\Wative to California, which hae one af the beet known and most 
‘diveree floras in the United States; see Munz, 1959.) We can 
predict something about which species will be diacovered to occur 
in Bolivia, based on what we know about aurrounding ereas and 
plant distribution in general. But, we cannot really gay much 
about the plante that occur in thie enormous erea. The situation 
for moet of tropical South America ia eimilar. 

In order to arrive at an eetimate of the effart required to 
“£411 these gape in our knowledge about plante, we will make gome 
broad ageumptions, ueing the United States as a model. Baged on 
a8 broedly based survey of the taxonomic community, Edwards, 

| Davie, and Nevling (1985) estimate that there are about 1,900 to 
2,400 plant taxonomiete reeiding in the United States (Edwards, 
Davis, and Nevling, 1985). However, many of these taxonomists 
_atudy Biante from other parts of the world, and ae study algae 
er fungi, which are not Aenea zor the purposes of thie essay. 
Thie reduces the number of taxonomists concerned with the florea 
ef the United States, and a better approximation of the number is 
baged on the membership of the American Saciety of Plant 
Taxonomietea. The membership of this organization igs mace up of 
the most active workerea in the country and consiats of those 
primarily concerned with flowering planta end ferns, since the 
&Bigae and fung. have their own special membership organizations. 
Eetee (1985) liete about 990 membere of the American Society or 
Plant Taxonomists, of which about 750 live in the United States. 
A etudy of the research Potereata othe memberehip indicates 
thet about one-third of the embers are interested primarily in 


non-U.S. florae or groupe of planta or in epecialized 
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mapped - and that the taxonomiete currently studying the flora 


eubdieciplinee of taxonomy that do not contribute to basic, 


workers concerned with the flora of the United States to about 


Soo. 


According to Shetler and Skog (1978) there are about 18, 000 
species of plants in the United States. Let us assume that the 


flores af the United Statee ie reasonably well known - eseentially 


deecriptive floriatic knowledge. This reduces the number of 
: 
‘ 
§ 
¥ 
; 
f 
f 
& 
: 
} 
LF 


all of the especies have been diecovered and collected enough for 


meaningful descriptions to be prepared and distributions to be 


are engaged in research that will bring our knowledge of the 
flora to the state-of-the-art by the end of the century. Based 
on 500 taxonomists studying, collectively, 18,000 species, each 
is responeible for an average of 36 species. Extrapolating to a 
world scale and assuming that the flora of the rest of the world 
ie ae well known ae the af the United Statee, which it manifestly 
ie not, with 265,000 epeciee of plante in the world, there should 
be a minimum of about 7400 taxonomists engaged in the study of 
these planta. A reasonable estimate of the number of taxonomists 
working in the world today ia based on the index of personnel 
associated with the herbaria catalogued in the latest edition of 
Index Herbariorum (Holmgren, Keuken, and Schofield, i981). There 
are about 1700 namee listed, but again geome are concerned with 
algae and lichene Thue the work force would have to be more than 
quadrupled, to at least 7,000, to adequately etudy the world’s 
a 


The model ia complicated by the fact that moat of the 
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world’e flora ie not aa well known ae that af the United States. 


Some areas, particularly Europe are certainly better known, but 


most of the world is less vell known. Two-thirds, ebout 190,000 


species, of plants occur in the tropics, where ag many as one-in- 


| 
4 
re 
4 
' 
uy 


@ix epecies have yet to he discovered (National Reaearch Council, 


onnrseg 


lia Dae tar paca lt ll 


1980). The number of taxonomiste ehould probably be doubled 


again. ta perhape 15,000, in arder to pravide enough manpower to 


carry out the very haeic tsekea af collecting and deecribing the 


a a yen il a ila BN La 


plants of the lesser known regione. 


Returning to the United States model, let us assume that the 
cost of supporting a taxonomist, including ealary, henefite, 
eupport personnel, equipment, travel, and averhead, isa on the 
erder of $30,000 to $50,0C0O per annum. Thie means that the 
budget for plant taxonomy in the United Statea ia on the order of 
$15-25 million dollare annually. Since most af our 500 or eo 
taxonomists hold academic positions and devote only about one-— 
third of their time to taxcnomy, the rest going ta teaching, 
administration and other acedemic duties, the actual amount of 
funding devoted to taxonomic studies ia aon the order of 35-8 
million. Again extrapolating to an idealized world model, we 
should be spending something on the order of one-half bil’*.son 
dollars a year to support studies of the diversity and 


relationships of plants. 
3. Storage and uee of knowledge of plant diversity 


Our knowledge of the diversity and distribution of plants is 
based primarily on herbarium specimens, samples of plants that 


are preased, dried, labelled and permanently eaetored for reference 
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and atudy. Although plante vary tremendovely in size and shape, 


among other cheracteristics, they are generally easily pressed 


into specimens. which ere glued or sewn to uniform size psper 


(about 12 by 18 inchee). A lshel indicating the plant’s name and 


detailing the place and date of sollection, the collector’s name, 


and other information that would otherwise by lost when the plant 


wae removed from ite habitat, for example the eize of a tree, the 


soil type in which it was growing, nemes of associated epecies, 


ugee to which the plant wae put by indigenous people, is aleo 


attached to the paper. Clearly, certain kinda of plants, for 


example very large or very emeall anes, very bulky ones, require 


_ epecial preservation techniques and storage facilities, but the 


vast majority of plante are manageable uaing etandard collecting, 


pressing, ani storage techniques. This greatly simplifies the 


etorage and handling of plants specimens in comparison with many 


animal groups. For the most part, herbarium specimens are 


_ permanent, many herbarium collections ere well over 200 yeare old 


and, given protection from a few pests, are expected to last 


indefinitely. 


Since the technique of preserving plants ase herbarium 
epecimena wae developed in the late 1400e, millions of specimens 
stored in thoueande of ak areploege have accumulated. The locations 
of the collectione are catalogued in a general way and published 
in the Index Herbariorum, which ia updated regularly and containeg 
a wealth ar Me crnation concerning the locatione and caontente of 
collections. The latest edition (Holmgren, Keuken, and 


Schofield, 1981) liste about 1400 herbaria, containing about 50 
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million individual eapecimens. Some of thege epecimene are exact 


duplicates of one another, but they are housed in different 


collections, end others represent different epecimens of the same 


species. Although it may appear that redundancy in collections 


ie vesteful, it is important, because it rrotects against loss of 


gpecimene through natural or man-cauged disaetere: the herbarium 


in Berlin, which contained thousande of fundamentally important 


eollectione, wes almoet tatally deetroyed when it waa 


accidentally bombed by Allied forces during World War II. 
Redundancy also means thet botanieta at different inatitutions 


can etudy specimens of the same species to determine variation in 


_ the case of several epecimens of that sepecies from different 


_areae and collection times, or even many individusale or parte of 


individusis from the eame population. 


While herbarium epecimene are the primary resource on which 


@ur knowledge or the divereity and dietribution of plante ie 
based, information about these topics, derived from the 


@epecimenge, is, etored ae printed material, for the most part. 


Studiee of divereity and diatribution may be broken broadly 
into two groups: monographic studies and floristic studies, 


either of which may be published as separate books or as journal 


articles. Monographe are detailed studies of particular groups 


of plants. They may concern entire families, though they are 


uegually reetricted ta a genue or even part of a genue of plante. 


Thue one may monograph the oak genus, Quercus, or a portion of 


it, for-example Quercus subgenus Lepidobelanus, the white oak 


group. Monographic works contain information about the names, 


characterization, and classification of the csroun under study, - 
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and this information is usually supplemented with illustrations, 


maps depicting the plants’ distributions, and discussions of each 
species. Dichotomous keys, which are used as a means of 
identifying unknown collections of plants, are eleo usually 
dncluded in monograpnha. Finally, liate of the specimens on which 


the study was based are also usually included, so that users of 


the published information can return to the original material 


from which it was acquired for verification, clerification, or 


further etudy. 


\ 


Floristic works, or floras, are concerned with all the 


plants that occur in a particular area. The ares covered may be 


large or small, and it may be politically or naturally 


circumecribed. Examplee of politically derined areas with 


published floras are the Carolinas (Radford et al., 1968) and 
California (Munz, 1959) and with naturally d-fined areas the 

| British Isles (Clapham et al., 1962) and Jamaica inane 1972) 

| Publighed floras contain the same kinda of information that 
monographs contain, although generally less detail is provided. 
For example, descriptione may be shortened to include only . 
diagnostic features and only commonly encountered alternate names 
er synonyme may be listed. Keys, illustrations, and distribution 
_ mape are commonly included in florae, however, eince thev are 
particularly ueeful in identification, which is the main use to 
which floras are put. The amount of information included in a 
Floriatic publication may he reduced to the bare minimum of 
listing Pre correct names of all the plante known from the area 


under consideration and nothing else. Such lists are called 
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check liata (eee for example Shelter and Skog, 1978). 


Some idea of the maaes of data that hae accumulated about the : 


eraity and distribution of Plante may be gsined from 
considering the number of entries in catalogues of the literature 
of taxonomic boteny; the numbers are not precise. An analysis of 
the volumes of Index Kewensis (Jackson, 1893-1981), which 

_ attempte ta catalogue the neneae ageigned to seed Plante and 


citatione of their first place of publication, resulta in an 


estimated one million entriea. Index Muscorum (Wijk et al., 


| 1959, 1962, 1964, 1967, 1969), which catalogues the names for 


Basa nein ieabsd tbe n aire States ND AC ARAA ES Sah RT Eel AAR Pf a enti Ratti 2 


“mosses, containge about 80,003 entries. ene fe are an dictimated 
240,000 species of seed plante and about 12,000 especies of 
mogeea. This meane that many species have been aseiqned more 

| one name and that infraepecific names, those of subspecies, 
‘varieties, and forme, exist under many species. 

These names and other information dealing with plant 
iversity have been published eince 1753 in hundrede of thousande 
of individual booke and journal articles. A recent catalogue, 
“Botanico-Periodicum-Huntienum (Lawrence, et sal., 1968), liste 


over 12,000 individual titles of journals alone that contain 


articles about plants. Taxonomic Literature, second edition, 
“which will be completed in’ seven massive volumes, will list 15- 
16,000 titles, mostly books, mostly published before 1939 
\€Stefieu and Cowan, 1976, 1979, 1981, 1983, 1985). Taxanomia 
Literature ig not exhaustive: it ig a catalogue of only the 
fundamentally important literature. 

Taxonomic botany has only begun to move from storing 


information in printed for= to storing it in electronic form. 
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Several data bases exist that catalogue names for selected groups 


of plants or planta from selected areas. These files of names 


ere connected with files containing additional information about 
the plants, for example distributional data, chromosome numbers, 


chemical content, or uses. As individual data bases grow end as 


Sag aR een eel Lee a 


hardware and software become more generally available, it should 


be poseible to atert integrating information and to reduce eame 


aba Saeties Asi th es a 


of the redundant date capturing that tse now going on within the 
taxonomic botany community. In principle, each of the one 


million or so names that exiat for v-.anta need be etored only 


ence and this information transferred in one way or another to 


multiple userea who can then add supplemental date of the kinds 
juet mentioned. 


The uses to which informetion abcut plants are put are 


numeroue, but they may be conveniently grouped under three 


general headings: basic botany, applied botany, and leisure and 


eethetic botany. Basic botanical etudies are those that attemrt 

to add to knowledge as part of our overall attempt to understand 

| the world and universe in which we live. Such etudies may . 
involve more fundamental characterization of plante than those 


- found in taxonomic etudies, for example the physiology of a plant 


or gome detail of the phyeiology of a plant; development of 
information about the interaction of one epecies of plant with 
other especies of plante or animale. Applied botanical studies 
have the goal of exploiting plantas in geome way, for example as 
sources of food, fiber, fuel, or chemicals. Such etudies may 


Beek entirely new products, as in the case of deveveloping new 
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diuge, or eeek to imprave an existing product, for example better 
yelde from a particular crop. Finally, much. use of botanical 
iiformation is made by those ones pursue knowledge of various 

inde rhout plants ee a leiaure time activity. The importance of 
tie use of botanical knowledge is reflected in the large number 
eo gardening booke and field quidee to wildflawere and other 
pante, the cs-anization of garaening or epecial interest floral 
cubs, the numbere of departments of horticulture near 


uivereities, and the number of commercial concerns thet deal 


wth gardening and horticulture in various ways. These three 


debate casdilin \ hein te eam aiee ae ani neat Ica Sahat bins aan Sig cots lean 


knde of usea to which botanical information is put overlap in 
vrying degrees, athe fundamental thread that ia interwoven 
trough them ia the need to have a name by which to refer to the 
pant under consideration, to know the nature, or 
caracterization, of the plant, and to know how it is related to 
cher plants. Characterizaticn, nomenclature, and claeeification 
fe the basic aspects of plant taxonomy. 

Coneervation ig a area of activity that depende heavily on 
pant taxonomy, broadly overlapping the three kinde of ueee | 
tntioned above. Specific data banks, identification manuals, 
fd monographic works are used by or developed by conservation 
tfyenciee. Moet information on endangered plants or environments 
3 scattered in the enormous volume of literature mentioned 
arlier. If all thie information were available, it would be 
hormously useful in developing congervation etrategies. 
lurrently, however, it ig all too esey for inappropriate policies 
4 be developed, baeed on inaufficient information. This is 


articularly true in areas of high plant diversity, where 
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cosystema are incredibly complex and delicate. It ia most 
eeential to understand the diversity of planta and their 
nterrelationships with other organisms in these areas, because 


heir survival depende on maintenance of this ecological balance. 
|, Conetrainte to improving knowledge of plant of diversity. 


Progreaa in improving our knowledge of plant dietribution 
bad diversity ie hampered by three factora: lack of sufficient 
nanpower, lack of adequate phyeical plant, and the rapid 
iisappearance of the very subjects of cur study, plants. 

A reagonable eatimate of the number of properly trained 
people available in the world to deal with the probleme of plant 
Wecaity ie 1700, as mentioned above. Some of theee taxonomiete 
are generaliste, dealing with broad floristic areas or taxonomic 
groups, but many epecialize in local floras or detailed 
inveetigatione of emall taxonomic groups. ‘Further, moet of the 
lgfople live in the temperate zones and work on temperate zone 
aeents. Our greatest need for improved underetanding of plants 
ts in the tropics, where there are few well trained botanists. 
ether factor inhibiting progress in understanding plants is 

‘(that most botanists are employed by universities or colleges and 
muet epend most of their eres teaching and otherwige dealing with 
academic affeire rather than pureuing hotanical knowl edge, ae 
noted previouely. 

Generally a free oaiat requires about one techniszai eupport 
| Person to carry out routine functions associated with taxonomic 


studiee. Thege duties include label preparation, plant mounting 
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and filing, and ehipping and receiving of eapecimene. Additional 
functions, related directly to research work, may include sorting 
specimens and scoring various character states on data tel py 
sheets, maintaining living collections, and transcribing label 
data from study epecimene. 

Although herbarium epecimene are eeaily prepared and, 
individually, do not require much storage space, the shear 
numbere needed to properly acceee diaetribution, both temporal and 
Seearaphic, and vartability mean that enormoue etorage facilities 
are needed to accommodate them. The numbere of specimene that 
Should be collected to advance aye knowledge of tropical plants 
to the current afate of our ental adds of temperate plante igs on 
the order of three or four timee the number of plante currently 
stored in herbaria. Most herbaria are crowded with specimens 
today. Unless especimens are properly mounted nna etored after 
they are collected, they are essentially useless as far as 
advancing botanical knowledge is concerned. 

Given the known high rates of habitat destruction or 
degracection (National Regearch Council, 1980), especially in 
tropical regions, and the fact that much of thie deetruction 
Cannot he halted, many plant species will become extinct before 
they are digecovered, characterized, named, and claseified. Many 
othera will be known from only one or a few specimens, and little 
More than their groree characterization will be possible. 

In order to overcome these constraints, funding must be made 
available to train more botaniets, particularly in tropical 
botany, and to provide positions for them after training is 


complete. The pool of exieting botaniete would be employed in 
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\raviding needed training, but the efforte of many could algo be 
lirected avay from academic affaires and toward research on plant 
liversity. It is particularly important to train nationals in 
tropical areas, becauge of the lack of manpower there now, 
yvecauee of the economies of having in-country botaniate studying 
with the locel flora, and because of political pressures on 
foreign hotaniate working in tropical areas. 

A well-trained, world-wide cadre of taxonomic botaniste must 
e eupported by additional trained techniciane who would procege 
specimens and data. Collections are worthlees unlese they are 
wroperly etored, and additional storage facilities, employing 
todern storage techniques, such as compactore, will be needed on 
1 large scale. Because progrees in understanding the taxonomy of 
Mente depends ego heavily on the knowledge that. hae already 
accumulated, consideration should he given to data banking much 
of thie information on a mageive acale and making it Sveianie to 
the botanical community. New data should be immediately 
electronically data banked, because this system of data storage 
tan make information rapidly and widely available in a variety ae 
forma. 


The international network of institutional herbaria, free 


standing, academic, and governmental, ie the logical medium 
through which the current conetrainte on advancing botanical 
knowledge ghould be overcome, because the collections and 


i 


pergonnel, which form the baegie for advancing knowledge, are in 
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place in these herbaria. The botanical community has done a good 


job of establishing and maintaining a communications network, so 
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that people with particular expertigee and collectione with 
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particular strengths are easily located. Some botanists and some 
collections might logically be moved from place to place in order 
to etrengthen Pert ar ascircen and at he game time agsume the 
long-term well being of specimens that might disappear through 
neglect. Based on existing networke and information, a large 
scale etudy of exiating peregonnel and collectione would provide 
the basis for Planning the strengthening weak areae and perhaps 
de-emphasizing areae that currently may be overemphasized, in 


view of the crisis facing botenical inventory in the trcpics. 
5S. Mechanismea to encourage improving knowledge of plant diversity 


Because of the importance of the knowledge of plant 
divereity to the conservation of genetic diversity and resources 
and because of the inadequate size of the current pool of 
taxonomists, the inadequacy of facilities to continue to develop 
our knowledge of plant diversity, sand the inadequacy of the 
current information storage and retrieval systeme, there must be 
a national commitment to solve these probleme. The botanical 
taxonomic community nas performed a good job of monitoring its 
size and resources (Edwards, Davis, and Nevling, 1985; Holmgren, 
Keuken, and Schofield, 1981). With adequate, ongoing funding, a 
continually up-dated statement. of national and world-wide 
Peis itice for increaging knowledge about the diversity and 
dietribution of plants could be developed. However, without the 
ageurance of funding to meet these needa, euch an exercise is of 
little more than academic interest and would not produce the 


resulte for which it wag designed, namely more knowledge about 
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planta. 
‘In a general way the areas that will require additional 
funding are i) training: additional taxonomiate, both U.S. and 


foreign; 2) storage facilities: conatruction and maintenance of 


facilities for the storage of specimens; 3) electronic deta i 
banka: of taxonomic information must he developed and mainteined 
and their information made available to a variety of ueere at 
national and international levels; 4) research funding: without | 
; 


additional funding fur research, the resources listed in items 1- 
Bcannat® be properly utilized. ~ 3 

Qver the past forty yeare the National Science Foundation 
has provided the most coneiatent funding for taxonomic botany, 
through ite Systematic Hiology and, more recently, Biological : Be i 
Research Resources Programe. Funding for thege two programe, 
which supporte, inadequately a present, points 3 and 4 above, 
should be increased. Additiona.. programs within the Foundation 
epecifically for "training in taxonomy" and "taxonomic 


iuformstion" should be established and provided with funds 


aacequate to the neede of developing texonomic knowledge. 
References . Be one 


Adame, C. D., "Flowering Plante of Jamaica," Mona, Jamaica: 
University of the West Indies, 1972, 848 pp. 

Brenan, J. P. M., "Some agpecte of the phytogeography of tropical 
Africa," Annale of the Migeourst Botanical Garden 65: 347- 
478, 1978. ! 


Giapham, A. R., et al., "Flora of the British Isles, Second 


» 


> ht - oe 


, nS 


pa, ey et — ee 


- 


A 


eign rye te a al ler ak ea is pee rem 


ee 


‘ae 


tye nor Litv sot saete ef? Fee 
- Poy ak 
é , ae pee ; hoe M3 a 
wi aut a ts. 200k € Lear r ee nt 1a) b gnister a 
otypuataneo sae pos? 2a 
i ¢ 7k we - 
sam | : r,:38acs oO »~-o7320/8 ad? 
> * ‘¢ = wee " 
: i cd Pri fio \ rd, Ha 
_ ‘ 
} Be ~ _& anan 


7 “ 
: 
) 
¥ 
‘ 
' 7 
f 
‘ 
Lae 
on 6 e 
: ae * 
4 
° 
esc gcte 
. 
P ta 72 
‘ Py hen 
. es x“ 
- * 
4<¢ J . A@Gawsa a4 
> * 


“Seenes2h 44 %o olaacad - 


* 


Y noLpansesest 


. oo a) a; e 
1 t 34 "lads ont a 


“= 7 
‘ , 
j q ¥ 
‘ 
» ‘ 
~~ > +o y ( 
at? =) a 
-. 7 
; 
¢ . 
i 4 
« 
. 
* . P 
i ane 
* « 
4 
_ ‘? 
‘ 
: 
; ’ - 


iu So ; ai ~»tvevolt* 9 ht 


iam 


2atounl . sas edt to ¥ 


tc a2peges aHokt* ..1 


i - 


i. ; at 
‘ave 


Any chen ol ser Lae 
sii to Bpenia"* ,.la #e ak 


ISG 
editidn, * Cambridge: eLaneane Univereity Press, 1962, 
xlviii + 1269 pp. 

D’Arcy, W. G., "The Flora of Panama: hiatorical outline and 
selected bibliography," Annale of the Migsouri Botanical 
Garden 67: v-viii, 1980. 

D'Arcy, W. G., "Botany Department," Migeouri Botanical Garden, 

7 pereonal communication, 1985. | 

D’Arcy, W. G. awa Correa A., M. D., "The Botany and Natural 
History .of Eunema: La Botdnica e Hiatoria Natural de 

| Panama," Monographe in Syetematic Botany “rom the Miseourl 

| Botanical Garden 10, 1985, xxi + 455 pp. 

Pevarde, S. R.; Davie, G. M.; and Nevling, L. I. ®*Tne 
Systematics Community, * Lawrence, KS: Aseociation of 
Syatematice Collections, 1985, iv * 275 pp. 

Estes, kaart & "The American Society of Plant Taxonomists: 


membership liet,* Norman, OK: American Society of Plant 


: Taxonomiete, 1985, 62 pp. 
Holmgren, P. K.} Keuken, W.; and Schofield, E. K., “Index 
| herbsriorum, part I. The herbaria of the world. Seventh 
edition," Regnum Vegetabile 106, 1981, 452 pp. 
Inetitute of Boteny, Academia Sinica, “Chung kuo chung tz’u chih 


wu t’‘u chih NFlore Reipublicse Popuisria Sinicae;," Peking: 


Academia Sinica Press, 195¢- . 

Jackeon, B. D., "Index Keweneie," Oxford: Oxfore Univereity 
Preas, 1899-1981, 2 volumes, 16 supplements. 

Karieez, J. T. and Kartes=, ee nA eynonymized checkliat of the 


vascular fiora of the United States, Canada, and Greenland, " 


Chapel Hill, NC: University of North Carolina, 1980, xlviii 


‘ 
Sl arairet Ter Gh, Seen 


” 2 : — : i iianmnenitan : 
needle aa ae toe. eee 


ae 7 
i‘ 
Lae Wee 


a = : a] 


eo : 


- > ' 
cae: «vent gfieeevlal opbladead rephiadeag 


- too %eind saweaeS Yo et0lG 


' 


oe tar >’ ‘ 70 BlenaaA * 


* ry co Sal 


‘den rpoildiz 
O8R1 ,titv-w 38 
es crlt sue a * teestseqed ennsoa?y 

* . id 4 rs 


wt ~ * @ 7 
rs ,10O 22760) 1 (Vee 
. a 25 eo @ 


[. 


,  ———- : ~~ iz 
tos igfaya al sage “janak es 
3 : i an 


tun ,C8CL ° GL oebaee ae 


™ 


mives tome 


4 | 
4 H 2 > 


NMileveno) gabe 


> pwn.) * 
oy 1G 
e 2] naitoes Lo) Bo. 7% 
: neaa>jremA ef Tt 
, i > ,feniek * ,tmal 
aq te .«l 
“ 2 ow * 9a 
a : : 
3 *eiidges@ce ss 
,ac te a laebada asso 
mluveos esasiavoteR at0i 3h Ak > 
Ore ' 7% soiale Be 
; > ) Loe weieanva 


oct. 81 ,wenmypliav £ 
” tivnede besieynonys A" ,.f .2eesca bam, ae 


272 bra , abe azeta betiny. afd9 to 27952 38 


<Qni be 704 to YFtetovinl 7-9OK pit, : 


| 


in - : ng rr meres , 3 ; —_ 7 - . ane aie a — 
eee ay ia eek i Sas aaa natn Kate LON RAH DFR YAS ci Ta A ai oe hi ee ees y Sey t Barren 


OO nee ie malate 4 pict TA, Y 


(57 


+ 498 pn. 

Komarov, V. L., et al. (edse.), "Flora USSR: Flora Unionis 
Rerumpublicarum Sovieticarum Socialisticarum," Moscow and 
Leningrad: Academiee Scientiarum URSS, 1934-1964, 30 
volumes. 

Lawrence, G. H. M., et al., "B-P-H: Botanico-Periodicum- 
Huntianum," Pitteburgh, Pa.: Hunt Botanical Library, 1968, 
1063 pp. 

Munz, P. A., "A California Flora © Derkeley and Loa Angelee, 
University of Californiu Preee, 1959, 1681 pp. 

National Research Council, "Reeearch Prioritiea in Tropical 
Biology,*® Washington, DC: National Academy of Scienceg, 
oa, 11 + 116 pp. 

| Brance, G. T., "Inventory of the tropics: where do we stand?" 

| Annale of the Miggouri Botanical Garder 64: 659-684, 1977. 

Radford, A. E., et al., "Manual of the Vascular Flora of the 

Carolinage," Chapel Hill, NC: Univeraity of North Carolina 

Press, 1968, l1xi + -1183 pp. 

Shetler, S. G. and L. E. Skog, "A provisional checklist of 

epecies for Flore Nortn America (revised)," Monographs in 

Systematic Botany from the Missouri Botanical Garden 1, 

S376, xix + 199 pp. 


$80eil Coneervation Service, "National Liat of Scientific Plant 


Namee, Vclume 1 Liet of Plant Namee,” Waehingion, DG: 


United Statea Department of Agriculture, 1982a, v + 416 pp. 


_Goil Conservation Service, "National List of Scientific Plant 


Names, Volume 2 Synonymy," Washington, DC: United States 


SN Nee Sl Ae lat, HE | 


a ei = = gD pa > ———_ 


~ - Ay 
Paks om) fh 


| g2nu eel? ,(. abe? le Pees 
:  — 


mn? spveolsaleas @93eGea) 


: ; (4c. ae J 
iJ ex estsnessch eotwahesa 4 


a. 
fF a 7 r 
. ’ ‘ vy 
+ ” 7 eesk og hg : » oe oak ay a 
Pips qure :h-4-8 ia te «il 
a to‘nwctee 724 
4 
i+, hee a wm 
‘ cs t % 
t 
aft 
: a woe 
5 sys > yxotosgval 
: ooelh ata? Dea 
- 
, a 
Mee —s 
VG ri ad o P| 
‘ S r reocm & ; 
; é | : 2 EN ra * ' ie 
‘ ae » 
Oss | u 
u6.* wewstt 2aelS to. Maid | eaeiee 
, . a 
c { oh) 2 ah 108 to Tiree Srtagqeg seta i 
tac 7 teti teanigvget” ,enrived node 
= , as a ; »e 5 7 ‘ : 
77 + ee miae.@ ba gym 'y mt ave ¢ womu =) 


4 
= 


a FA . 


cee ee A RN NR Ne Re 
ene aS inca cane ee Ne mel fae na 


si AN GB bTMEs Oe TS EF Se MeReD Comet OF SUERY ROT ers eters oe METS 
| 
5X | 


Department of Agriculture, 1982b, 438 pp. ) 


; ; cmemumeaene deg cera a cia Ta a Oe oT EAE OTOL 
(Ns i RES RE RN a ae cererae eee 
! 


Solomon, J. C., “Sotary Department,* Missouri Botanical Garden, 


pie tReet eS Ee ate 


pergonal communication, 1985. 


Ln 


Stafleu, F. A. and Cowan, R. S., *Taxonomic Literature, a 


selective guide to botanical publications and collectione 


with daces, commentaries and types. Second edition. Volume 
I: A-G,* Regnum Vegetabile 94, 1976, xl + 1136 pp. | 
Stafleu, F. A. and Cowan, R. S., "Taxonomic Literature, a 

gelective guide to botanical publications and collectione 
with dates, commentaries and typee. Second edition. Volume 
II: H-Le,*® Regnum Vegetabile 98, 1979, xviii + 991 pp. 

‘Stafleu, F. a. and Cowan, R. S., “Taxonomic Literature, a 

| eelective guide to botanical publications and collections 
with dates, commentaries and types. Second edition. Volume 
II™: Lh-O,* Regnum Vegetabile 105, 1981, xii + 980 pp. 

“Stafleu, F. A. and Cowan, R. &., ®Taxonomic Literature, a 

| selective quide to botanical publications and collectione 

| with dates, commentaries and types. Second edition. 

Volume IV: P-Sak," Regnum Vegetabile 110, 14983, ix + 1214 - 

pp. 

Stafleu, F. A. and Cowan, R. S., "Taxonomic Literature, a 

| selective guide to botanical publicatione and collections 
with dates, commentaries and types. Second edition. Volume 

3 

Standley, P. C., et al., "Flora of Guatemala," Fieldiana: Botany 
24, 1946-1977. 

Bteenie, C. G. G. ” van (ed.), "Flora Maleeiana. Series I, 


Spermatophyta," Jakarta and Groningen: Noordhoff, and 


V: Sal-Ste," Regnum Vegetabile 112, 1985, 1066 pp. re 


a 


| - id i : 7 
« . ’ , P 4 . - : =— as iina 8 awe " Dead : v= 
. e v Ries (hen ee ee waapincatertensc= ‘ ay - ers 


% ~~ ere 
: = —— eee | » —- i? * ' > —_ oe ee 


. 2S eg eal 
Wey 


: ; i 
| ch ,<dtSEl .e1tivestgs Be 


' rsuoRneats * scenduanet yaesegt, 


s 


vs 


BAe I reatizraad 

"£ 7 rs 4 aN 

: . z —_ : 

j 4 i. Traore. La P 2 A new) f 


? . 


—— - 
J ‘tn ' jing Leataetoa aha @ 
‘> base aol ecco ms 
J * 
P 7 , ? 6) buave “ey mise 
e © yee 4 
a 
cc A ,deve> BAR Re 
, feoinetod S - cae toy 
" ue Sees ~ 
ja tnaa wos a 7 és 
m hw Ay al 
- #5 7 “ys on * =. 
‘ - ao 
- 
: fi inv. of om 
‘ *. 
1 ; ; c oF eh fag 
- 4 omen <—f 
- r 7 
ig ot} ° 
es 
i ,oe > tree 
od « * ry , 7 
; nH 
> 2 
ye ‘ 
aD 4 53 eniug Sie 
E ty , aireuro2 ff 


e > = 725 =i y mungae P ,32aa 
aaa v 


] ay ? é Gg ee ls 79 
-VTei=-@ 
- 
‘ 2 - ? ae ts 4 .b2: nev 7 > ae 


fi \4 Torey 22 bes stawdel * .es¥aee 
! 


7 
- 


- 
- 


ea 
Leiden: Alphen, 1948- 


Turrill, W. B., et al. (eda.), "Flora of Tropical East Africa, * 


London: Crown Agen?.a,- and Rotterdam: Balkeme, i952- 


s 


Tutin, T. G., et al. (e2ds.), "Fiora Europaea, ” Cambridge: 


Cambridge University Presse, 1964-1980, 5 volumes. 
Wijk, R. van der; Margadant, W. D.; and Florschiitz, P. A., "Index 


Muscorum. 1 (A-C)," Regnum Vegetabile 17, 1959, xxviii + 


548 pp. 


Wijk, R. van der; Margadant, W. D.; and Florachitz, P, A., "Index 


Mueccrum. 2 (D-Hypno)," Regnum Vegetabile 26, 1962, S35 pp. 


Wijk, R. van der; Margadant, W. D.; and Florechiltz, P. A., "Index 


| 


Muscorum. 3 (Hypnum-O," Regnum Vegetsbile 33, 529 pp. 


Wijk, R. van cer; Margadant, W. D.; and Florechiitz, P, A., "Index 


Muecorum. 4 (P-S)," Regnum Vegetabile 48, 1967, 604 pp. 
Wijk, R. van der; Margadant, W. D.; and Florechiitz, P. A., "Index 
Muscorum. 5 (T-2, Appendix), " Regnum Vegetahile 65, xii + 
922 pp. 
Woodson, R. E., Jr., and Schery, R. W., “Flora of Panama,*® Annals 
of the Missouri Botanical Garden 30-67, passim, 41 issues, 


194¢ -1981. 


: ee 


Baden. Re ated Peters Wid ar he a See 2% a oink, em Rep SLAY) 
D -< ———- - Of nate we ,; “YT, 
Ds: el Mal, 3 =" a : ty, 


4 _ 


| : en 
. . -@dPL « ic 


aie 


e ace _. q' nie? se i 
“") 
- " a= } 
= f d 6a apa awd 
° : pi ( mo 
: i 
by ‘ 7 ~ 4 7 
; rz 
; is 
b - 
hac 
2 = { “ “(7T)> 
(2 pearing 
i +hy" 
1 te DBD 
*~t2 
=p 
$i Al 
7 % 
} 
ry 4 
1 - ia 
~ lars 7 
d : i . 
+ 


Contract Paper No. 4° 


New Technologies and the Enhancement of Plant Germ Plasm Diversity 


Tom J. Orton 
DNA Plant Tecnnology Corporation 


October 1985 


Office of Technology Assessment 
U.S. Congress 


This contract paper was prepared for the assessment of "Technologies 
to Maintain Biological Diversity." The views expressed are those of 
the author(s) and not necessarily those of OTA. 


Preceding page blank 


a es 


———- 


ir aRsEes PA i) Gorey 7 ry evr ae - 
ara ee ana nang er . 
pts ns ere ee SAl Qi i thio ie ial 


(248i @=n* 


) off 9065 sania 


syauill mvs 2h) Inst le jason wa One am 


nepiezA yadlonineT 16 291020 
31 6.0. , 7 4 


. . a = - 7 trae 


. . : * le 
; Vt” «5 )remeesaas aes 7 i bywstac on] SEW TENS ee 
roery 70 8 way slit * ee revit} le tSolond Ti 

f : : ATO i aio ylinsezs Vow TON Dries 22 


| 


NEW TECHNOLOGIES AND THE ENHANCEMENT 
OF PLANT GERMPLASM DIVERSITY 


T.d. Orton 
Applied Genetics Laboratory 
Agrigenetics Corporation 
3375 Mitchell Lane 
Boulder, CO 80301 


Abstract: 


| | 


| 
| 


Growth and development of human society results in some degree of 
irretrievable loss of biological diversity. Recently, poweryvul new capa- 
bilities have been developed which enable one to genetically alter orga- 
nisms with much greater speed and precision tuan before, and the 
possibility of actually creating desired new life forms lies within our 
reach. How and to what extent will these technologies contribute to the 
pool of plant genetic diversity? This paper summarized the state of the 
art with regard to a limited array of new technologies: micropropagation, 
cell culture, haploids, protoplasts and transformation. Of these, 
somaclonal variation, somatic hybridization (and in a limited sense), 
recombinant DNA/transformation appear to hold the greatest potential at 


present. However, they are currently all too inefficient, expensive, and 
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unpredictable to permit a meaningful contribution to biological diversity. 
To realize the full potential of these technologies for the augmentation 


= = 2 ° : : 
of biotegical diversity, the following actions are highly recommended: 
{ 


1. Fund research of plant biochemistry, development, and genetics at a - 


meaningful and sustained level through existing agencies 


@ Bring private and public biotechnology experts into the NPGS in an 


advisory capacity 


3. Establish a grant program through USDA/ARS or CSRS to encourage 


research germane to plant genetic diversity. 


/ 
Introduction 
The rapid development and growth of human civilization has incurred an 
irretrievable loss of natural biological habitats, and associated reauc- . 


tion in total biological diversity. This biological diversity is pre- 
sently considered of paramount importance to the engineering of new plants 
and animals to mee* future demands of humanity and the changing environ- 
ment. Systematic collection and maintenance of components of extant 
diversity is the only strategy used presently to stem the loss of these 
resources. The advent of so-called new “biotechnology", namely the abi- 
lity to manipulate cells and genes in the test tube, has prompted specu la- 
tions as to where, when, and how these technologies can be made useful. 
This paper constitutes an attempt to assess as completely as possible the 
potential impact of biotechnology on biological diversity and its pro- 


cessing into finished products. 
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This constitutes a relatively recent outgrowth from the more general 


_ area referred to as asexual propagation. This is quite simply the use i" 


of somatic tissues of a plant to obtain two or more new identical £ 


plants. The practice probably started in many places independently, 


for example the propagation of Olive, fig, or grape by simply 
thrusting cut stems into soil (Hartmann and Kester, 1983). Later, 
grafting and budding techniques were developed which greatly expanded 
the range of applicability. Many important plant species produce spe- 
Cialized asexual propagules such as tubers (potato, Jerusalen 
artichoke), bulb (Lilaceae), bulbils (garlic), and rhizomes (banana), 
which are typically used to establish crop stands. With respect to 
the natural generation of biological diversity, asexual reproduction 
would be considered a short term evolutionary strategy, culminating in 
1 progressive erosion of genetic variability to the most successful 
and asexually fecund genotypes. The impact of asexual propagation 


as an agricultura! tool will be addressed later. 


Micropropagation, sometimes called plant cloning, is simply asexual 
propagation based on small amounts of tissue or cells and usually con- 
ducted in an aseptic environment with the assistance of artificial 
Support media. At one extreme, this involves excision of dormant 
meristems from various parts of a plant, placing onto a defined sup- 
port medium tc break dormancy and permit the meristem to develop ‘nto 


a shoot, to induce roots to develop on a separate medium, and reaccli- 
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mate the resultincs new plant to the soil and the normal open environ- 
ment. At the other pdbecte it invo'’ves an explant tissue, not 
necessarily a meristem, placed on a medium which stimulates cells to 
proliferate individually. In certain species, most notably in the 
Umbelliferae, proliferating cells can be induced to undergo a process, 
_ superficially analogous to embryo development, referred to as somatic 
embryogenesis. Such somatic embryos have been successfully rege- 


nerated into whole plants. 


Micropropagation as a concept and, eventually, a bonafide tool had its 
’ beginnings in the work of Haberlandt (1902), who first published on 
the possibility of in vitro (in glass) culture of tissues and organs. 
In 1939, culture of unorganized plant tissues (callus) for undefinite 
periods was reported (sunmarized in White 1963). The most important 
event by far was the discovery, by F. Skoog and associetes that by 
altering the levels of the plant hormones auxin and eyeokinen in the 
medium, shoots and/or roots could be consistently induced de novo from 
tobacce callus tissue (Skoog and Miller 1957). It was not long 
thereafter that the phenomenon of somatic embryogenesis was discovered 


in carrot (Reinert 1959, Steward et al 1964). 


Despite these exciting advances, micropropagation, as with other cell 
or tissue culture related technologies to he addressed further on, has 
remained highly empirical. There still exists an enormous void of 
knowledge with respect to the physical, molecular, macromolecular, 
sub-cellular, cellular, and supercellular mechanisms contributing to 


developmental processes, such as the transformation of unorganized 
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cells or tissues into shoot meristems or embryos. In the meantime, 
scientists are reduced to “pushing buttons" on the outside and 
watching what happens. From the beginning. it has been readily 
apparent that generalized tissue culture/micropropagation approaches 
developed for tobacco, carrot, and Datura vary tremendously in degree 

of applicability to other plant species. To some extent, one is 

forced to return to the drawing board every time. There are some 

general trends (with many exceptions): monocots, grain legumes, and 

woody perennials are recalcitrant whereas herbaceous dicots tend to 


yield more readily. 


Micropropagation has been used to produce plants commercially in the 
ornamental industry for several years. This implies a distinct advan- 
tage in the efficiency of production ie conventional approaches, 
especially since expensive facilities, sophisticated equipment and 
trained personnel are required. The prevailing attitude in the orna- 
mental industry is presently conservative, yielding the conceptual 
attractiveness of micropropagation to the realities of business. The 
state of the art of micropropagation as a tool is limited by the "push 
button" state of the technology and practical aspects associated with 


handling. 


With respect to genetic diversity, micropropagation in theory can 


have, aS in nature, only a negative impact on genetic variabi‘ity 


| because only the desired components of an array are selected and per- 


petuated. In a genetic sense, non-additive sources of variation are 
likely to be exaggerated when individual plants are selected and 


asexually propagated. 
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Micropropagation wil] likely affect breeding methodologies in certain 
crops where significant problems can be alleviated or advances 
achieved. For example, individual plant hybrids embody a breeding 
concept which is a striking departure from breeding methods described 
in textbooks. For now, this approach will have very limited applica- 
tion, specifically to high cash value vegetable crops where produc- 
tion costs can be justified (Lawrence and Hill 1982, 1983). In its 


simplest sense micropropagation, or plant Cloning, can be a powerful 


cog within a conventional breeding program, where exact plant “copies" 


would be eer: For example, where the determination of phenotype is 
destructive, the availability of clonal plants for the assay obviates 
the need for more inefficient, ineffective progeny tests. If it is 
difficult to propagate plant material sexually, such as with self- 
incompatible inbreds in Brassicas or gynoecious cucuvbits, highly 
efficient cloning protocols may offer an alternative. Genetic male 
sterility is known in many crop species, but is rarely used for com- 
mercial hybid seed production primarily due to the high costs asso- 
Ciated with culling fertile plants from female rows. If one covid 
identify sterile plants prior to flowering and clone them to numbers 


sufficient for seed production, this problem could be eliminated. 


The possibility of establishing crops directly from clones (Lawrence 
1981) is exciting, but potentially dangerous from the standpoint of 
genetic variability. As this technology progresses, it will be 
important to develop in parallel means to avoid genetic vulneranility, 
for example to build genetic diversity into phenotypically uniform 


Clonal populations. 
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It is likely that this technology will make steedy advances in the 
~ absence of any changes. The main limitation standing in the way of 
realized potential is simply our lack of understanding of development. 
It is widely presumed that this knowledge will surely lead to a road- 
map of success in achieving tissue and cell-based cloning systems 
across a broad spectrum of crop species. As with other forms of 
biotechnology to be addressed later, continued and expanding fundanen- 
tal «esearch in this area will be critical to solving this challenging 


io set of problems. 


Buiton-pushing will continue to deliver smal? advances which will 

| accumulate significantly over time. We are at a point now in some 
crops where the technology has become commercially feasible (see 
discussion above). S%ecause of the empirical nature of the research, 
H much or most of it is conducted behind closed doors in the private 
sector. Protocol originators tend to covet their "tricks" and com- 
munication of meaningful explicit procedural details is rare. 
Inevitably, this tends to isolate sets of observations which could 


add up to significant general trends. 
B. Cell Culture 


. This term implies a process consisting of the isolation of tissues or 


cells of an organism, inducing them to grow in a prolonged state more 


or less as single cells, and the possibility of regenerating them back 
into plants. Applications of this process in micropropagation have } 
been described earlier. This section will focus on the antithesis of 


cloning, the efficient generation and selection of new variability. 
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some of the earliest reports of regeneration from cultured plant cells 


came hand in hand with comments about the similarity between plant 
cell and microbial cultures (Melchers and Bergman 1959). Carlson 
(1972) advanced compelling arguments for the application of bacterial 
genetic approaches in higher plants by virtue of cell culture. 


Specifically, a rapid burst of information leading to the elucidation 


of biochemical pathways and gene expression had resulted in the 1950's 


and 60's from the accumulation, complementing, and assorting of bac- 
terial mutants. Some mutants exhibited potentially useful properties 


such as resistance to antimetabolites (so-called selectable markers) 


or those overproducing desirable or even valuable compounds. This was 


all possible in bacteria as opposed to higher organisms because rare 
mutational events could be effectively recovered from large (108 to 
108 Organisms per ml) haploid populations. panisan (1972) eee 
the similarity of a plant cell suspension to that of a bacterium, and 
expounded on the possibility of selecting rare mutants of potential 
agricultural significance in a similar fashion, e.g. salt to'erance, 


resistance to pathotoxins, and feedback insensitivity of biosynthetic 


enzymes leading to the accumulation of desired end products. In 1973, 


Carlson reported on the successful isolation of a tobacco cell line 
resistant to methionine sulfoximide, an analogue of the bacterial 
wildfire toxin. Later, Maliga et al (1975) isolated a tobacco cel] 
line resistant to the antibiotic streptomycin. Plants were rege- 
nerated and subjected to genetic studies. Resistance was found to be 
transmitted to progeny and inherited materially. Technology appeared 


to be standing on the brink of a veritable revolution, characterized 
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by plants exhibiting new valuable characteristics regenerated from 
cell cultures screened under the appropriate conditions. More than 
ten years later, it is safe to say that we have not undergone a revo- 
lution of any substantial proportions for reasons which will be 
addressed later. However, some notable successes have been achieved, ~ 
such as salt tolerance, disease resistance, anino acid overproduction, 
end a limited spectrum of additional a.ctibiotics or antimetabolites 


(see recent reviews by Maliga (1984)-and Meredith (1984)). - 


_The occurrence of mutants in plant cell cultures implies underlyine 


variation, an interesting subject in 2nd of itself. Bacteria and 
fungi proliferate on artificial media, usually supplemented only with 
Simple nutrients and a carbon source, more or less as they would in 
mature. The natural mutation rate in such cultures is normally b' on 
the order of 1076, Mutagens such as DNA-insulting chemicals, X-rays, 
or ultraviolet light are used rather routinely to increase the muta- 
tion rate by two to four orders of magnitude. Following this example, 
early attempts to obtain specific mutants included artificial mutage- 
nesis. Later, Chaleff and Parsons (1978) showed that mutants cculd be 
selected rather effectively from non-mutagenized cultures. A furtber 
implication of this report was the natural mutation rates may be inor- 
dinately high in plant cell] cultures. It had been known since the 
early reports of Mitra and Steward (1961) that cultures can exhibit 
considerable variation with respect to chromosome number, and this 
observation has since been elevated to the status of generality 
(Bayliss 1980, Orten 1984). More recently, numerous reports have 


appeared wnerein high frequencies of mutations (or stable variants) 
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appear in populations of plants regenerated from non-mutagenized, non- | ff 
selected cultures (summarized in Orton 1984). Larkin and Scowcroft 
(1981) advanced the notion of using this variation in the context of 
breeding, and named it "“somaclonal barieeronee Perhaps surprisingly, 
this undirected approach has already yielded potentially valuable 
mutations such as disease resistance, male sterility, loss of 
abscission tissues (preventing fruit drop or damage during itip 


seedling vigor, and wheat kernel pigment changes (Larkin et al 1983). 


Getting desired mutations in higher plants is at best an imprecise and 

improbable venture regardless of the route taken. Most significant = 
characters would appear to be hopelessly inaccessabie due to the large - 
numbers of interacting genes involved in their. determination. 

Devising schemes to directionally target only the genes involved, for 

example with population yield, Tt alone in vitro screening approaches | Fapanae 
is presently beyond our capabilities. Simply inherited traits, such 


as those which ha‘e already been successfully isolated (see above 


discussion) are somewnet more within our reach, but not without signi- ee 


ficant problems. In searching for a hypothetical new trait in a cell 
or plant population exhibiting natural or induced variation, one must 


first presume the character to be obtainable within the context of 


existing genetic and metabolic, and structural machinery. If 


employing a screening procedure on cells the problem arises of 
translating cellular into whole-plant phenotypes. Variant colonies 
arising with or without anrichtent may, for unknown reasons, simply 
refuse to regenerate, or give rise to abnormal or sterile regenerates, 


signifying the end of the road for sexually propagated crops. The 
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cell-plant translation and regeneration problem have been circumvented Fie 


\ \ 


by performing chemical screening on mutagenized barley seedling popu- 
lations, resulting in the successful isolation of amino acid overpro- 
ducing mutants (Miflin et al 1983). However, the disadvantages of «-+--o 
scale of this work as compared to the hypothetically perfect cell 


culture system are striking. 


Somacional variation is on the surface an extremely attractive alter-— 
native to germplasm screening to the breeder, In its most powerful 
projected role, one simply uses it to correct deficiencies or obtain 
incremental improvements in otherwise superior lines. This as com- 
pared to finding genes in diverjent germplasm and necessary recurrent 
backcrossing to the superior line. Such situations have been reported 
recently in wheat and tomato. In the former, the cultivar "Yaqui 
50E", a hard red winter type, waS cultured and regenerated. Among the 
array of mutations were white-kernel types exhibiting simple inneri- 
tance patterns (white are preferable to red kernels in Australia; 
Larkin et al 1983). In tomato, Evans and Sharp (1983) regenerated 
plants from leaf cailus tissue of the commercial processing cultivar 
"UC82B". Among the useful mutations recovered were both simply 
inherited (jcintless pedicels; male sterility) and quantitatively 


inherited (soluble solids; Evans et al 1984) forms. ie 


Somaclonal variation is potentialiy an even more powerful breeding 
tool in asexually propagated crops such as potato, sugarcane, banana, 
herbaceous ornamentals and a broad array of woody perennials. In such 


crops, cultivar development is hindered by the inaccessability to sex, 
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polypioidy, of tissue chimeras, not to mention long generation times. 


As a consequence, variant selection schemes predicated on the spon- 


the exploitation (where possible) of sexual systems. Variants are 
simply recognized and propagated. Somaclonal variation is opera- 
tionally identical. Mechanistically, we do not presently understand 
enough about the process by-which variation is generated to conclude 
whether somac Tonal veriation is qualitatively different from that 


which is naturally occurrina ‘tring asexual propagation. 


Somaclonal variation has been reported extensively in potato (Shepard 
et al 1980) and sugarcane (Heinz et all 1977). In potato, leaf 

mesophyll protoplasts from the cultivar ‘Russet Burbank' were cultured 
and regenerated. Almost 25% of the regenerated plants exhibited 

striking phenotypic or physiolegical (e.g. disease resistance) depar- 
tures from ‘Russet Burbank'. According to Gary Secor (1984), however, 
almost all, if not all, of this variation seems to be unstable during 


the course of propagation by tuber. 


Plants regenerated from callus cultures of sugarcane also exhibit 
high levels of morphological variation and in ressonse to pathogens 
(Herring et al 1977). At least some of thi:se variants appear to be 
unstable. Lutz (1985) speculates that yield increases may be due to 
the purging of cryptic virus’, which subsequently re-enter the clone 
and depress ytreld. One would predict based on simple inheritance 
patterns observed for variants in seed propagated crops that at least 
some of this variatian should be stabie. Since many of the mutations 


are recessive, they m- be perpetually masked in clones. 
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It is not presently possible to speculate meaningfully on the overall 
lasting impact of plant cell culture technology on crop improvement. 
It is safe to say that it Will, to some degree, enhance diversity by 
adding new allelic forms to the gene pools of crop species. AS we 
understand more about economically significant traits such that in 
vitro selection systems can be devised, new avenues to enrich for such 
Characters will certainly result. Somaclonal variation has bedi in 
some cases unstable in sugarcane and in potato, and mutations 
affecting flower color recovered from alfalfa cultures show high 
reversion frequencies (Bingham 1984). As desirable somaclonal 
variants emerge from culture dishes, it will be incumbent upon 
breeders to subject them to highly rigorous field testing especially 


from the standpoint of instability and negative pleiotrophic effects. 


Somaclonal variation for the enhancement of genetic diversity in 
plants holds great potential also because it can under some cir- 
cumstances be very efficiently generated. More research is needed to 
understand the molecular basis of somaclonal variation such that we 
can more effectively measure it, contrast it with naturally-occurring 
genetic diversity, and direct its manifestations in a predictable 


fashion. 


For the present, it is more comfortable, and probably Spavouivare for 
the plant breeder to opt for the world of whole plants grown in 
glasshouses and fields as opposed to the unkrowns ot cell culture 
approaches. Rather, these new tools are more likely to be stocked in 


the chest alongside mutagenic and mitogenic agents and wide hybridiza- 
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tion as "desperation" alternatives to crop improvement dilemmas. 
Research into the molecular events which underlie the determination of 
economic traits such as morphology and photosynthate partitioning will 
presumably lead to the formulation cf methods to improve precision and 
efficiency of selection. Likewise, research into processes by which 
mutations occur or are induced in somatic tissues will, it is hoped, 
provide insights into its control and targeting. These are tremen- 


dously challenging problems which will require patient, consistent, 


and realistic support before solutions are apparent. It should not be 


difficult to identify and support individuals in the public sector to 
conduct research on the molecular biology of phenogenesis. Conversely, 
somaclona! variation has evolved into a popular tool in the plant 
biotechnology sector, but very few fundanental public programs are 
addressing the problem. In the experience of the author, com- 
munications among the various entities conducting mechanistic and 
applied research on somaclonal variation are very poor, even to the 
point that attempts to resoive standardized nomenclature systems 


have failed. 


Hap loids 


Induced euploidy changes have been intriguing and confounding tc plant 
breeders since the discovery of the mitogenic effects of colchicine. 
With this magical compound, one can readily convert diploids directly, 
or indirectly into an array of polyploids. Comparative studies cf 
diploids and polyploids showed them to be generally of larger propor- 


tions, albeit of lower fecundity (Dewey 1980). Fertility was found to 
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be exceedingly low in tri, loids and other odd multiples, as predicted 
from the process of gametogenesis. Breeding systems predicated on 


tapping into higher vegetative and partitioned yield and seedless 


fruits offered by polyploidy were spawned. Decades of frustrated » > ihe 


attempts to validify these approaches have fallen far short of early 
speculations. Dewey (1980) has published an excellent recent review of 
where induced polyploidy has been, and where it is likely to contri- 
bute in the future. Successful commercial entities resulting from 
this approach are presently limited to forage grasses and legumes, and 


novelty seedless fruits (e.g. watermelons, oranges). 


At the other end of the spectrum lies the-possibility ct obtaining 
haploids directly from diploids or polyploids. This possibility 
became apparent first as a result of the pioneering research of Guha 
and Maheshwari (1964) and Nitsch and Nitsch (1969) who successfully 


regenerated haploid plants from cultured anthers of Datura innoxia and 


Nicotiana tabacum. Such haploid plants must have arisen from 


microsporcytes, following the reduction division of meiosis, whose 
developmental pathway had been diverted from pollen to somatic tissue 
formation. It was initially presumed that empirical research would 
eventually yield successes in obtaining haploids from a broad array of 
plant species. In 1969, Kao and Kasha reported the remarkable finding 
that haploid bariey plants could be obtained from zygotic embryos 
resulting from the interspecific cross of diploid barley to a wild 
weedy relative, Hordeum bulbosum. Later cytogenetic studies revealed 
that chromosomes of the latter parent were "eliminated" from somatic 


cells of the embryo over the first two weeks of development (Kasha 
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1974). Since then, the phenomenon of chromosome elimination has been 
found to be rather comon among interspecific hybrid combination in 
the Gramineae subfamily Hordeae, but rather infrequent elsewhere in 


the Plant Kingdom. 


In the early 1970's with anther/microspore culture and chromosome 


elimination emerging as powerful technologies for the large-scale -pro- 


duction of haploid plants, utility for improving the efficiency of 
plant breeding was realized. Haploids are entities from which 
“instant inbreds" may be obtained by Siaply doth) ind the chromosome 
number to the diploid level. Predominant dreeding schemes, e.g. 
pedigree and Fy hybrid methods, call for inbreeding for line or parent 
development. Inbreeding is almost universally accomplished by 
recurrent self-pollination. Starting from het eroryadsi ty, allele 
fixation occurs at the rate of 50% per Generation per locus, and 
functional inbreds are generally thought to require at least six 
cycles of recurrent self-pollination. In certain crops, physiological 
or morphological barriers make self-pollination difficult or 
impossible, for example self-incompatibility (Crucifers) or dioecy 
(spinach), In these cases, induced haploidy carries an obvious addi- 
tional incentive. An’ Internationa! Symposium was held in Guelph, 
Ontario, Canada in 1974 devoted to the sub ject, deaningeté usher in a 


new era of advances. 


As with other approaches, the revolution has fallen short of expec- 
tations, but has brought forth some of the most notable economic suc- 


cesses within the realm of plant biotechnology. Several successful 
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barley varieties have emerged from independent programs utilizing the 


bu lbosum crossing method, which now stands as a common tool worldwide 


in this crop. Anther culture techniques have been developed for wheat 
and rice, primarily in China, where they are now in widespread use. 
Cultivars produced using these methods now comprise a significant area 
in China. In Cruciferous crops (e.g. cabbage, mustard, oilseed rape, 
etc.), highl; effective antner and microspore culture methods have- | 
been described (Keller et al 1975). These are only now beginning to 
take hold in the breeding of. these species, and notable contributions 
should be evident by the late 1980's. Broadening the base of crop 
species from which haploids could be reliably obtained has been, 
unfortunately, quite frustrating. Anther/pollen encore ovule 
culture, or wide crossing have likely been attempted more or less 
systematically with a large number of crop species beyond those listed 
above without notable successes. In tobacco, anther culture has been 


successful experimentally but resulting plants appear to contain gene- 


_tic lesions which rencer them commercially unattractive. 


As discussed previously, the value of haploids lies in the ability to 
produce .* array of homozygotes from a polyheterozygte, which is an 
operation very common in breeding both cross and self-pollinated 
crops. The technique theoretically will bring little in the way of 
actual new germplasm onto the scene, only a way to deal with it more 
efficiently. In fact, the degree of realized genetic variability 
released into inbreds via haploids as compared with selfing or 
recurrent eee ig reduced owing to a reduction in the cycles of 


recombination and, in some cases, the smal] sample used. fewer rare 


i 


“+ 


oe Sg 


a: > ew 


, 7 ——— ee - se" i 
Minna money et a ry ae - 2 ae ae - 
~~ Rendon? ea D NT ae pn em a Ree —— ee ; » ‘oom = =? 
out on 
a 


¢ 


‘ oor): + 


on aed 
i 


WAG —_ a perigan O ag = 9 eS: ss = 


» 
~ 
yy eran agoreotnt ay rt-bagse Set so) Sera 


- | _ 
¢ _ - ¥ 
e ’ 


md, 
bree Ee , APE 2 } ;- ne) WO tty Deas ram gr 2207) win =! 
d : hea 


_ 
. - or 4 : 24 
by $9 a) Wi. ayer 4 ; mh eee Ve sah » FOF2, ; 


‘ ' at "aw ,anld) nf ei teenie. wot 


| 


= ’ Aion seat? polly Beaudet" 


Try nds + ri vet! asd nl] » ok 
; =a 
ving ovitose chiptt@ 


%) 


iy ‘te xoflas) bedhead 


ni toe onrt d ott wl Diga 


J 
Tie ; 
oig A> 
» * >= 
opyet 6 1 vl (S.J 5mee 
ston Ju0n7 Tay ¥ 
inserrogse futez 
Gull 2 Ee 2 
ia wai t wry ~~! tw 2007 2SF bh, 
j é ans 
- i) be "1 - | ¥ ) 
- iSIG ft RIS tne at oe r 
ocd? et , ity tory oert evpindaes ett ae 


od: 46 & Yio ,gosee edt ge GRSenise wemy 

ei *) getabs Suet io 8 in. gengen gA)-., Toe? al - “Pinata 
adiaj+2. dhiw temqite go 2btipiqertaty, ehadn? o8Ri aie 
poaubss. et notsnaige ins 


43: #2229 Bee al’ ORE ATES 


Rn tte OO i eee Arh nt henna ett eet en 6 aban ~eeterene-cpurnrenfineaty 
ee ee 


[XO 


recombination gametes between tightly linked loci will be recovered. 


It should be pointed out that the method »as no theoretical impact on 


total potential genetic variability when adequate sample sizes are 


involved. 


This technology, where effective, will revolutionize the process of 
crop improvement. s:nat are the factors which presently render it 
possible on such a limited scale? Once again, one can point to a 


conspicuous lack of understanding of underlying processes, both in 


microspore culture and genome elimination from interspecific hybrids. As 


with other cell culture based technologies, significant progress will 
only be possible through sustained empirical and basic studies, the 


ultimate outcome of which are not at present predictable. 


Protoplast Manipulation 


Until rejatively recently, it has not been possible to apply capabili- 
ties developed for bacterial or cultured animal cells to plants, for 
example direct DONA uptake or cell fusion. This is due to the presence 
in all high plants of a rigid polysaccharide cell wall. In 1962, 
Edward Cocking first successfully liberated significant numbers of 
naked cells, called protoplasts, from this encasement; this was Perse 
done by simply slicing leaf tissue. Subsequently, the use of powerful 
cell wall degrading enzymes purified out of fungi and gastropods was 
developed, and this remains the method of choice. It is now possible 
to routinely isolate millions of protoplasts from one or more types of 
tissue of a broad array of plant species. Protoplasts offer a number 


of intriguing possibilities for genetic modification. 
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Vi Sonae 1OnaT verAS ESAT IY derived. plants exhibiting spontaneous 
Populations of clonally derived plants transformed with naked DNA 


Or engineered Agrobacterium sp. 
3. Fusion of protoplasts to obtain novel polyploids or hybrids. 


4. Rapid transfer of traits encoded in the genomes of cytopiasmic 


organeltes. 


The first subject was covered in some detail in a previous section, 
and «he second will be discussed later. Somaclonal variation and 
transformation may be accomplished without protoplasts, but they are 
paramount to plant cell fusion. The first successful plant protopl-st 
fusion was reported by Carlson et al (1972), wherein leaf mesophyl] 
tissues of Nicotiana glauca and N. langsdorfii were digested with 
cellulytic and pectolytic enzymes and fused under conditions of high 
calcium and pH. While it heralded an exciting possibility, this 
experiment did not actually yield a hybrid which could not have been 
obtained by sexual hybridization. Shortly thereafter, Kao and 
Michayluk (1974) introduced the use of polyethylene glycol (PEG) as a 
powerful fusigen, and this has remained the most popular method to the 
present. Numerous researchers are experimenting with electric fields 
as a method of inducing fusion, but it is presently too early to spe - 


Culate what role this approach will ultimately play. 


Like unconstrained sexual hybridization, fusion provides the possibi- 


lity of bridging all existing gene pools. The obvious question, 
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alluded to above, was whether sexually "impossible" hybrids could be 


obtained via fusion. :‘elchers et al (1978) finally achieved this with 
th2 curious toma‘a + potato somatic hybrid. Ironically, close exami- 

nation of this potentially exciting hybrid revealed its potential role 
in breeding. As with Raphanobrassica, a hybrid between radish an cab- 
bage produced sexually some 50 years ealier, the hybrid seemed to exhi- 


bit the least desirable characters from each of the parents. 


_Moreover, it was completely sterile, and thus useless as 4 breeding 


intermediate. It appeared that the lessons learned earlier in the 
century, wherein it was concluded that all but. the very closest of phy- 
logenetic relative cannot be sexually hybrid:zed duc to isolating 
mechanisms. It was always felt, however, that incompatibility was a 
function of gamete-flower interaction. Since cell fusion and sub- 
sequent culturing and regeneration overrides this lev2] of interaction, 
any hybrid should be possible. Indeed, stranger combinations tried, 
and some of these heterokarycns survived to make colon'es, such as 
soybeans + tobacco (Kao 1978). It would appear based an the evidence 
at hard that somatic hybridization also has phylogenetic timitacions 

in a gene-bridging sense; fusing an onion with a sunflower is more 


likely to yield genetic suicide than a duel purpose crop plant. 


Attempts to obtain somatic hybrids between sexually incompatible spe- 
cies declined rapidly after the successful tomato + potato demonstra- 


tion. However, research on protolast culture and new exploration of 


the concept of limited genome or subcellular transfers has been quite 


active up to the present primarily in Europe (Cocking et al in 


Enoland; Pelletier, Vede*, Belliard et al in France; Schieder et ai in 
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FRG; Maliga, Dudits et al in. Hungary and Galun in Israel). As a 
result of the work of these groups and others, new exciting possibili- 
ties for protoplast fusion are emerging which are much more tenable 
than the earlier hybridization concepts. On the one hand, Schieder 
(1984) and co-workers have accomplished interspecific gene transfer by 
fusing recipient protoplasts with irradiated donor protoplasts. 
Presumably, the high radiaticn doses effectively “pulverize" the donor 
genome, but some donor sequences make their way into the recipient 

genome by somatic recombination or Simple translocation. In their 

| demonstration experiments, this group devised a clever enricnment pre- 

cedure such that rare specific gene transfer events could be selected 

/ and Eeedily confirmed. intuitively, this would appear to accomplish 

| in large part what somatic. hybridization had originally hoped to in 
that genes trom sexually incompatible species could be accessed 


without potential problems associated with genome incompatibility. 


Yet another exciting alternative lies in the transfer of cytoplasmic 
traits via protoplast intermediates. Kung et al (1975) first showed 
that a maternally inherited trait, electroproretic mobility of frac- 


| tion I protein "sorted out" in clones derived from fusions, indicating 


that heterogeneous organelle mixtures ("cybrids") are unstable. In 


later studies involving fusions of tobacco differentiated by mtDNA 


restriction patterns, a common thread was observed: a broad array of 
different mtONA patterns, ranging from the two original parents, to 


what appeared to be recombinants between the two (Belliard et al 
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1979). However, with respect to cpDNA, only the two parental patterns 


a ee ree Or te rte ee ey 


4 rm » :4 

Ln at 

ag? r . 

i ‘ * 
+ | 4 r 
+ 
- , 
‘ if 7 
: . ‘ - E 
- 
rat 7 
= Pa oc so2 5d 
¢ . 
‘ , 
>< w 
‘ i F, ye 
¢ * 
( 
; 
‘ 


ton > 
at 
= 
ey 
‘ 
. t 
4: 
’ Hl 
e% - A 
se 
Ta 
u 
<3 
' 
-_ 
t 
ms i 
i 
“* 


42 Yo anow BAF F 
1207 tea! qose 7 


etude twitt ‘a 


— 
ya 
aye 
- — 

‘i 


6 231 bul soQe 


‘tH 4308- 63 < vel 


were recovered. The phenomenon appear to hold generally as they have 
been reproduced in Brassica (Pelletier et al 1983) and Petunia 
(Boeshore et al 1983, Cocking, 1984). Using a series of selectable 
and visual markers linked in cis and trans, Maliga (1985) has recently 
demonstrated convincingly that recombination can also occur between 


chloroplast genomes in a cybrid, albeit at much reduced rates as com- 


pared to mitochondria (as jucged by the plethora of restriction 


patterns). It appears virtually certain that limited cytoplasmic and 
nuclear gene transfers obtained via fused protoplast intermediates 
will contribute novel and potentially useful genetic combinations to 


the plant breeder and overall pool of variation. 


The ability to mani,.late protoplast intermediates is a potentially 
powerful genetic tool for all plant species. Unfortunately, as with 
other cell-based technologies addressed earlier, this capability has 
been demonstrated only within a limited array, including primarily 
Solanaceous (tobacco, potato, petunia, tomato, Datura innoxia), 
Cruciferous (cabbage, oilseed rape), and Umbelliferous (carrot) spe- 
cies. Conspicuously absent are major grain species, such as soybeans, 
corn, wheat, and rice, woody perennials, and just about everything 
else. This is at least in part due to lack of trying, but this is 
certainly not the case for the species listed where thousands of 
scientist hours have failed to preduce significant gains. In species 
for which complete protoplast to plant protocols have been attempted, 
but not successfully, the block usually manifests itseif at stage ze; 
getting tAtotel protoplasts to divide. More rarely, divisions will 


begin but are not sustainable. fven more rarely, colcnies and per- 


petual callus tissue may be obtained, but cannot be regenerated, such 


as with soybeans. 


Because existing protocols were derived in a highly empirical fashion, 
they are sometimes replete with Operations of questionable value, and 
may demand some of such subtlety and prec‘sion that they defy descrip- 
tion. It is a common complaint that published protoplast culture pro- 
tocols are not strictly reproducible. Scientists in both the private 
and public sectors are generally very protective of their specific 
methods, and a lack of communication may be a contributing factor to 
the lack of insights--common threads from contrasting systems may 
illuminate general problems and Suggest solutions, Ultimately, the 
Same lines of basic developmental research described in previous sec- 
tions will impact on the regeneration problem, but may not go far 
toward solving the inability to induce or sustain cell divisions. 

That problem is as formidable as the whole of biology itself, and much 
patience in supporting basic research in general will be necessary 
before we are able to say with any certainty why a given cell is or is 


not dividing. 


From the standpoint of overall biological civersity, protoplasts offer 
tremendous potential as tools for enhancement, albeit on a limited 
scale. They may or may not be desirable from the standpoint of reco- 
vering somaclona! variation as contrasted to technically iess 
challenging approaches. The potential exists to bridge a wide range 
of nuclear gene pools by pee hybridization or, more likely, by 


limited genome transfer. New possibilities for nuclear/plastid/ 
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mitochondrial combinations have emerged from research on the produc- 
tion and culture cybrids. A further consequence of this work is the 
finding that organelle genomes can undergo recombinational processes, 
giving rise to cytoplasmic genotypes otherwise unobtainable. Finally, 
protoplasts are necessary intermediates in getting desired molecules 
(proteins, DNA sequences) and supramolecular complexes into plant 
cells, as will be discussed in the following section. Meaningful and 
sustained support of basic plant research at the molecular and cellu- 
lar level are urged to speed the development’ of systems in 


recalcitrant species. 
Transformation 


Ever since 0.C. Avery and his colleagues first, demonstrated in 1944 
that bacterial cells can be induced to take up, integrate, and express 
exogenous DNA, extensions into eukaryotic systems have been pursued. 
This process, called transformation, is today the most powerful aspect 
of molecular engineering. Even where vectors are used to shuttle 
sequences into eukaryotic cells, transformation of bacterial cells is 
used extensively during the engineering of constructs, It was inevi- 
table given the parallels between eukaryotic cell cultures and micro- 
bial populations that the possibility of transformation would enter 
the picture (e.g. Carlson 1372). Gresshoff (197£) first claimed suc- 
cess in transforming plant protoplasts with the demonstration that 
praisplast from white-f lowered tobacco plants exposed to DNA from red- 
flowered genotypes infrequently gave rise to red-flowered regenerates. 


The authors referred to the phenomenon as “transgenosis". Others had 


a 


difficulty repeating the Work’@ana the concept languished for a 
period. By adapting the biochemical approach of feeding labeled pre- 
cursors to elucidate pathways, a number of studies showed that naked 
DNA exposed to protoplasts is rapidly degraded. Most of this degrada- 


tion occurred exogenously, but at least some of the DNA appeared to be 


- entering the cells before disappearing into the nucleotide salvage 


pathways. These studies provided no evidence of integration in to the 
host genome, although resolution was poor. Parallel research in mam- 
malian ce!] culture resultéd in success in the late 1970's, thus pro- 
viding some precedent for hopes of achieving transformation in plants, 
These experiments utilized selectable phenotypic antibiotic resistance 
markers, thus permitting the detection of very rare events. As it 
turns out, selectable antibiotic resistance markers were to play a 
substantial role in the development of transformation protocols in 


plants as well. 


Since most of the DNA was being degraded exogenously, it was 
appropriate to explore ways of protecting it during the process of 
uptake. The most popular of explored approaches was to encapsulate the 
DNA in spherical bodies delineated by lipid monolayers or bilayers: 
so-called liposomes. Liposomes were easily generated, and potentially 
fusable with the lipid bilayer of plant protoplasts. Much research 

On liposomes using the “brute force" tracer screening approach could 


find only intracellular degradation of encapsulated DNA (Fraley and 


‘Horsch 1984). It was not until a bacterial gene (neomycin 


phosphotransferase from Tn5) conferring resistance to the antibiotic 
kanamycin was encapsulated that success in this approach was actually 


demonstrated (Caboche 1984, Potrykus, 1985). 
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In the early 1970's, the crown gall disease began to attract much 
interest and, ultimately, experimental activity. Pathogenic strains 
of the gram-negative bacterium Agrobacterium tumefaciens, when in phy- 
sical contact with wounded plant tissues, induce the formation of a 
gall, or tumor. These tumors embody an interesting case of genetic 
parasitism: the plant cells are induced to synthesize and secrete 
peculiar amino acids called opines. The bacteria have all of the 
biochemical machinery to break these compounds down and use them for 
energy and resynthesis. Two main groups, or strains of pathogenic A. 
tumefaciens were recognized cirly on: those that caused the host cell 
to synthesize octopine or nopaline as the predominant opines. A broad 
Spectrum of dicots form galls when wounds are exposed to pathogenic A. 
tumefaciens strains, but no monocots (including major cereals). Braun 
and White (1943) rirst determined *hat the tumorous phenotype per- 
sisted indefinitely after removal of the mathosen wich antibiotics. 
Thus, some tumor-inducing (Ti) "principle" was transferred from the 
bacterium to the plant ceil. The realization that the Ti principle 
could be integrated and expressed DNA heightened inter2st in ie 
system as a potential method of transformation. From that point t? 
the present, the story reads like a biological fairy tale. Chilton et 
a1 (1978) made the discovery that a small piece (T-DNA) of the large 
Ti plasmid in pathogenic A. tumefaciens was present in the nuclear 
genome of transformed ceils. Advances in the fundamental molecular 
biology of crown gall and efforts to manipulate the system to achieve 
transformation came rapidly thereafter. Methods to move sequences 


involved in transformation into E. coli for ease of manipulation were 
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important tc later advances. Restriction mapping revealed common and 
variable patterns when comparing the T-DNAs of octopine and nopaline 
strains, but no apparent wealth of advantages or dirge of disadvan- 
tages seemed associated with either type, and different groups have 
used both successfully. Fraley et al (1983) finally achieved the 
first successful transformation using the NPT gene spliced into T-DNA. 
Ultimately, they demonstrated that transformed cells were resistant to 
the antibiotic and that NPT sequences were expressed, Subsequently, 
they successfully regenerated transtormed cells and performed genetic 
studies that showed Kan® to segregate in a Mendelian fashion. -The NPT 
gene has now been used extensively to assist in the transformation 
process, serving as a selectable marker inserted into constructs con- 
taining genes of interest. Shortly thereafter, Murai et al (1983) 
reported the successful expression of a Phasealus vulgaris (common 


bean) gene in sunflower (Helianthus annuus). 


The large Ti plasmid carries, in addition to maintenance functions, 
two distinct reaions critical to transformation: vir and T-DNA, the 
former of which is necessary for transformation but remains in the 
bacterium. Once transferred into the host gencme, the tumorous pheno- 
type results as a consequence of the gene products of the so-called 
| Tumor morphology genes located in the left (T;) region of T-DNA: TMS, 
T™R, and TML. - Inactivation of these genes results, respectively, in 
tumors exhibiting shoots, roots, or large size. A number of workers 
(cited in Nester et al 1985) have used these tutants to show that 
auxin/cytokinin balances were profoundiy affected, suggesting that 


TMS and TMR somehow interact with the synthetic or catalytic machinery 
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of the host to induce the tumorous state hormonally, much as the 


tissue culturist does with artificial media. 


One bottleneck of the system has been the difficulty in moving the 


large (approximately 200 kh) Ti plasmid between bacteria. This 


problem was in targe part overcome by developing a binary system 
wherein the transforming bacterium contained an altered Ti plasmid 
carrying maintenance and vir functions, and a second, termed micro Ti, 
carrying T-DNA and replication functions. Since micro Ti plasmids are 
smaller (about 2 kb), they are much more easily handled and mobilized. 


Vir and T-DNA complement well in trans to reconstruct a virulent A. 


tumefaciens (Hoekema et al 1983). 


A substantial amount of developmental research has been RC COup | ened 
with A. rhizogenes, a close phylogenetic relative of A. tumefaciens 
which incites a lesion known as “hairy root". The molecular bases of 
hairy root are substantially similar to those of crown gali: pathoge- 
nic strains all contain a large plasmid, Ri, which is clearly cif- 
ferent from Ti, but contains much sequence homology, including T-DNA. 
Tepfer (1984) has pointed out that tumors incited by A. rhizogenes are 


more easily regenerated into whole plants. 


However, so-called “disarmed" Ti plasmids in which the oncogenic 


region are deleted have been constructed which seem to ameliorate the 


regeneration problem. 


By deleting the tumor functions carried on T-DNA, utilizing NPT or 


other selectable markers, and culturing transformed tissues or cells 
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in the presence of phytohormones, one is now able to accomplish trans- 
formation and regeneration of normal plants across a limited spectrum 
of species. Hooykaas et al (1984) recently published convincing 
evidence of transformation of a monocot (Narcissus cv. 'Paperwhite') 
Suggesting that failure to produce wound galls is due to the lack of 
respouse to the tumor genes rather than integration and expression 
T-DNA. At present, transformation by Agrobacterium sp. is limited 
primarily by the ability to cultured and regenerate transformed cells 
or tissues. Speculating optimistically, Agrobacterium and T-DNA 
derived vectors will be the only tools necessary to achieve transfor- 
mation in all high plants. On the down side, perhaps intrinsic limi- 
tations exist such that one or more other alternative approaches will 


need to be developed. 


Whether needed or not, such alternatives are being developed, 
including direct DNA uptake into protoplasts or liposome fusions 
described previously. The liposome work utilized the NPT gene in 
T-DNA (Caboche 1984) and the direct uptake used an unspecified 
construction wnich also contained NPT (Potrykus 1985). In the latter 
case, an oral presentation at the UCLA/ARCO symposium on “Plant 
Genetics" at Keystone, CO, April 18, 1985, extremely high transfor- 
mation efficiencies were reported, up to 5% of transformed protoplast- 
derived colonies exhibiting kanamycin resistance. The protocols were 
apparently effective for several unrelated species, including one 
monocot. However, this must be regarded as preliminary until the 
details of the protocul are disclosed and others have an opportunity 


to try to repeat the work. Given the present set of demonstrated 
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Capabilities, the outlook for achieving unconstrained introduction of 


new genes into a broad spectrum of crop plants would appear very 


bright. 
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The traditional view of the range of germplasm accessible to the 


breeder is that it is finite, and even in a state of perpetual 


' 
| 
| 
| 


recession due to the loss of ex situ populations through habitat a ad 


destruction. Of all of the technologies discussed up to now, directed i 


transformation holds probably the greatest long-term potential to oe 


- expand the pool of germplasm in a meaningful way. In the most opti- 


mistic scenario, the breeder has in hand a set of existing breeding arts 
lines which define elite performance in a given geographical area, 

with the obvious goal of further improvements, ° In the broad sense, 

transformation embodies the capability to idzntify or otherwise 

generate specific genes which wiil deliver these improvements. Once 

Obiained, genes are spliced to the desired on/off switch 

(constitutive, induced, or developmentally active promoters) and zs 
further modified for mobilization and integration into the genetic 
apparatus of the transformee (see Figure 1). Thus, the term "plug in" 
transformation has become popular to describe this process. If al] 
works as planned, only a few simple steps are theoretically required 
to produce the finished product from transformed lines. Rigorous 
testing for at least two years and in several locations will be 
necessary, as it is for new candidate varieties now. Another possible 
application of plug in transformatica in the development of finished 


varieties is the addition cf genes whicn alter reproductive behavior 
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at the end of the breeding process, for example male sterility or 
self-incompatibility for hybrid seed production. This is of minor 


significance relative to the pool of all potential genes. 


In reality, we have a long way to come before transformation qualifies 
as a routine tool for germplasm augmentation in any significant way. 
Unlike previously addressed forms of tecnnology, hurdles facing trans- 
formation include sociopolitical in addition to Pechnicale Because 
this technology has no intrinsic bounds with regards to target GENES, 
and a small subset of potential transformants might conceivably pose 
health and/or economic threats, the important and perplexing issue of 


regulation enters the picture. By now, nearly everyone is aware of 


environmental advocate Jeromy Rifkin's successful attempt to block 


efforts by University of California researchers to release an engi- 
neered bacterium into the environment for field testing. This par- 
ticular bacterium was altered genetically to contain a gene from 
another bacterium such that it produced a substance which prevents ice 
enucleation at sub-treezing temperatures, a trait of obvious potential 
benefit. Because both the gene and bacterium already exist in nature, 
this particular case is arguably unthreatening. Other hypothetical 
examples, however, carry a perceivable degree of risk, for example, 
herbicide and insect resistance, along with the realm of elusive 
potential “side effects". The regulation issue is not a trivial one, 
and must be resolved as quickly as possible so that the tremendous 
benefits of this technology are not squandered at the expense of sabre 


rattling. 
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The regulation «ssue is complicated by definitions of biological enti- 
ties and the domains of existing regulatory agencies. The products of 
traditional plant breeding have never come under Federal regulation. 

Recombinant DNA technology is regulated in a voluntary sense according 
to the Recombinant DNA Advisory Committee (RAC) of NIH. Both the FDA 
and EPA are in the throes of carving out niches of Provenance in requ- 


lation of the release of engineered biologicai entities into the 


“environment. An Ad Hoc congressional Committee formed to address 


this issue has taken a very strict stance on regulation. Stili, no 
clear process on sytematically and objectively -esolving this issue 
has emerged. One approach would be to form 3 non-partisan s-parate 
agency guided by a balanced committee of scientists, environmen- 
tatists, and members-at-large to regulate all matters relating to the 
release of geneticaily engineered organisms into the environment. In 
any event some balanced forun needs to be created anc8 ty» assisc in qj 


forging the regulation machinery to assure that valuable research is e 


not stifled needlessly. 


We are challenged by a formidable array of technical problems before 
the full potential of transformation can be realized. In the fore- 
seeable future, our capabilities are limited to traits of relatively 
simple inheritance and whose expression must be dominant, or at least 
sem?-dominant over the existing, less desirable, condition. Since the 
precess of transformation as we know it is consummated hy the more or 
less random integration of sequences into the target genome, desired 


recessive traits will remain perpetually masked unless driven by homo- 
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logy to substitute directly for the dominant allele. Beyond this 
simple caveat lies the enormous void of genetic information on develop- 
ment. Most phenotypes are certainly manifest as a consequence of 
large numbers of interacting genes, all turned on and off in a complex 
orchestrated sequence. How can we adapt our simple understanding and 
protocols to make the vast majority of such traits amenable to trans- 
formation? While no simple solution is apparent, the needs for 
‘sustained meaningful research on the biochemistry, molecular biology, 
physiology, and development are again underscored. Answers to 
questions regarding the uptake, integration, and expression of foreign 
ONA and the individual steps from gene(s) to phenotype will assist in 
expanding the range of emenable species and in constructing transfor- 


mation cassettes which will have the desired impact. 


] Transformation is an area plagued by poor communication. A given 

| researcher has very limited access to outside mate: ials and infor- 
mation. This problem is exacerbated by the fact that most researchers 
are working on their own independent genes, promoters, vector 
constructions, protocols, and target host organisms, although many 
aspects of divergent systems are common. Each step in this process is 
extremely time consuming and expensive, and researchers are reluctant 
to share even the most esoteric traits of labor without obtaining 


something in return, e.g. recognition or economic benéfits. This 


| applies to both public and private domains. Applications for process 
patents and patents on life forms or DNA sequences and plasmids hav 
| further bound the flow of information. It is common knowledge that 


information is sequestered and released six months or more after con- 
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firmation to permit adequate review of protection, and to maintain a 
competitive edge. While this all does littie in a direct and short 
term way to push the cutting edge faster, it must be recognized that 


active research in the private sector would not exist without the abi- 


‘lity to secure proprietary protection. Through Federal granting, 


advisory, and regulatory agencies, researchers should be encouraged to eS 
the fullest extent possible to make non-proprietary information and | i 
| materials generally available. r 2) 
| ; “ 
II. Biotechnology and Genetic Diversity a 
| ; 
. On the esoteric end of the spectrum, new biotechnological tools, par- oe 
ticularly efficient DNA sequencing capabilities, will assist in the Le 
' accurate measurement of: genetic diversity and ultimately co tell us what ie 
| it really means. This will, of course, make it more tenable to assess 

exactly how vulnerable or invulnerable we are. At the practical end of , Pan 

the spectrum, the fruits of research in biotechnology iiave typically been ‘ 


focused on proprietary tanoibles. Plant germplasm should not be included 

| within the realm of the itens enjoying little or no accessibility. Yet 
everyone benefits trom the availability of germplasm as raw materials for 

product development and as experimental materials for basic biological 

| studies. As we have speculated in the previous section, certain biotech- 

‘nological approaches hold great potential for expanding the pool of 
available germplasm, for example somaclonal variation, protoplas* fusion, 
and recombinant DNA/transformation. How might these technologies be made 
to bear cn aaa germplasm resources in addition to inevitable product 


focus? The potential magnitude of the issue makes this a very difficult 


4 


KS 


* 


question to grapple with. This problem car be appreciated better if par- 


titioned into levels of complexity. 


1. All existing genetic entities, includiny phylogenetic groups, 


organisms, and genotypes. 
2. All potential genetic entities. 


3. The large number of individual operations mandated by each 
! biotechnological approach. It must be appreciated that many of 
these, at the present state of the art, are tedious, expensive, 


and require very high levels of training. 


Each of the three general approaches has its starting point in a single, 
or at most two, existing genetic entities, and its endpoint in a more or 
less limited array of new genetic entities. In each case, a sequential 
pathway of a large number of steps is required. Each a160 has a probabi- 
lity of success and failure depending on the starting germplasm, the state 
of tne materials, the skill of the researcher(s), and a multitude of miti- 
gating factors usually summed up as "luck." Even with success, the proba- 


bility of generating anything of real significance with respect to 


| long-term genetic fitness is probably limited (although it can be argued 


i; 
i that any new variation has unforeseeable value). 


Each of these sips has a multiplicative effect on the amount of work 


3 
‘ 
: 


necessary to even scratch the surface of this overwhelming task. Aside 
from handling ‘nput materials in bulk, there is littie that can be uone to 
bring substantial applications of biotechnology directly into the realm of 


germplasm enhancement. 
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Indirectty, however, there is much that can be done to encourage the sup- 
port of germplasm efforts and contribution of preprietary materials. 
Acquiring, maintaining, and evaluating germplasm is a job which, like edu- 
Cation, benefits the entire scientific dower ay Yet the private sector 
and the majority of public genetic research programs do not as a rule 
contribute. The challenge will be to bring these groups into the system 
for purposes of providing ongoing biotechnological inputs and augmenting 
the systes in general. Perhaps, as a medium is created whereby scientists 
in molecular and cellular biology can come together and exchange ideas and 


: _ Materials with respect to germplasm, some of the general cloistering of 


information can be alleviated. 
The following steps are highly recommended: 


1. Sustained and meaninaful funding of plant biochemistry, develop- 


ment and genetics. This will constitute a relatively small but 

| powerful investment into the aes of U.S. and world agriculture. 
The ability to apply the fruits of cell and molecular biology, 
still in their infancy, in germplasm enhancement and crop improve- 


i ment to a large extent will depend on knowledge, not empiricism. 


2. Encouragement of biotechnological concerns to become active 
constituents of the existing U.S. Plant Germplasm System. 

| Devising some sort of “share the load" system whereby germplasm 

‘acquisition, evaluation, and maintenance can be accomplished for 


everyone's benefit will present a great challenge. 


| 3. Establishment of a grant progran to encourage technological inputs 


of al] levels into the enhancetent of biological diversity. This 


snould not be jimited to so called “high-tech" approaches alone. 
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III. Proposed Plan of Action 


a 


The main granting agencies for basic research in the U.S. include NSF, 
NIH, DOE and USDA/CRGO. Funding of basic plant science has been primarily 
through NSF and USDA/CRGO. Total funding for Plant Science research in FY 
1983 was $201.6 million (Anderson 1984). Of this amount, approximately 
$14.5 million from the USDA/CRGO supported more or less basic plant 
science research. Of r 2ntire DOE Health and Environmental research 

| budget of $176.1 mi’ | FY 1985, less than $200,000 was allocated for 
| research in plant ce’ d molecular biology. DOE's Biological Energy 
Research Program inve.-<d approximately $10 million in basic plant | 
research in FY 1984. A ballpark figure for National Science Foundation 
funding for Plant biology research is $52 million (Kenisey 1985). 

However, this is broadly defined, and the actual amount for cell and mole- 
| cular biology is somewhat lower. This brings the estimated total to $76.5 


| million. 


The U.S. National Plant Germplasm System (NPGS) is coordinated through the 
Agricultural Research Service of the U.S.D.A. It has represented an 

| excellent example of shared tasks between the U.S.D.A. and State 
Agricultural Experiment Stations. Activities are overseen by the central 
Plant Germplasm Committee and the individual Technical Committees in each 
of the four decentralized regions. In addition, the major crops are 
represented by Advisory Committees made up of seheit iets with high exper- 
tise in those crops. They provide inputs into the system such as the accu- 
mulation and processing of information on crops, and overseeing NPGS and 


other domestic activities specific to the crop. 
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It is proposed that another committee be constituted to assist in bringing 
high technology and the NPGS together. Activities of the committee would 
include advising the Plant Germplasm Comnittee, interfacing the 
biotechnology community to the NPGS, (serving as a touchstone for the flow 
of information and materials between the two), devising plans to broaden 
the base of scientists sharing parts of the present NPGS burden, and admi- 
nistering a grant program to encourage technical applications in the 
generation of diversity, efficiency or accuity of evaluation, and effi- 
ciency of maintenance. It is speculated that a relatively small invest- 


ment in this area will fuel huge returns well into the future. 
Congressional Mechanisms 


The prominence of the U.S. in the world economy owes a great deel to 
investment into research and development. For example, our agriculture, 
the most advanced system in existence, represents a steady accumulation of 
accomplishment through genetic and agronomic research. Problems are 
apneariing on the horizon which will greatly challenge our ability to 
sustain future generations, for example population pressu.es, shifts 
toward industrialization, depletion of fossil fuel reserves, and natural 
or induced environmental fluxes. Our ability to meet these challenges 
will depend greatly on the existence of genes, either collected in nature 
or created in test tubes, which condition crop performance over a broed 
spectrum of environments. The U.S. has established an exemplary system to 
dispatch the tasks of collecting, maintaining, and evaluating plant 
germplasm. Researchers in our Universities and private companies have 


made the U.S. a recognized’ leader in plant biotechnology both in a fun- 
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damentai and applied sense. Maintaining this position and reaping poten- 
tial economic returns will require a financial committment to research 
through our major public grant programs. The Congress can accomplish this 
by increasing appropriations to NSF and NIH with the stipulation that they 
be earmarked for worthy projects in developmental biology, genetics, 
biochemistry and physiology particularly as applied to plants. 
Appropriations for USDA and DOE for similar purposes should be increased. 
Lines of effective communication between granting agencies should be 
established or strengthened such that substantial gaps and duplications do 
not develop. Finally, the greatest possible tax advantages should be advo- 
cated for private companies wishing to invest their profits into biotech- 
nological R & D0. Historical perspectives have shown this to be an 


extremely worthy investment. 


With respect to the germplasm issue, it is concluded that biotechnology in 
its present form will not have a great impact because it is too inef- 
fecient and expensive. In the near term, new strategies for maintenance 
(see Chapter _—_—si+?):siis the only area of significant impact. As the 
biotechnological toolbox becomes continually restocked, owing to advances, 
processes will hopefully emerge which will permit us to engineer genetic 


diversity in an efficient and meaningful way. 


In the interum, awareness of the NPGS, participation in policymaking, and 
enhanced communication among players in the U.S. biotech game can be 
encouraged. Further appropriations to the U.S.D.A. to establish a 
national Technology Advisory Committee are urged, with responsibilities 


listed above. 
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Plant germplasm provides our lifeline into the future. Our present con- 
cept of life depends on plant-based agriculture, and will continue to do 
so well into the future. Now is the time to recognize its importance and 
to move to encourage ways to preserve and enhance it, and to mold it more 
effectively into forms that will meet the tremendous biological challenges 


that stand before us. 
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ABSTRACT 


fhe best preservation technologies can only maintain genetic uiversity 

that has been collected. Preservation of genetic diversity requires effective 

application of storage technologies. Storage can maintain diversity; however, 

finite longevities and distribution require propagating materials. 
Effectiveness, therefore, depends upon both retaining viability and vigor, and 
in utilizing regeneration procedures without losing diversity due to using too 
few individuais or using samples with low viability. Application of 
techniques for measuring diversity are necessary before all aspects of 
effectiveness of preservation technologies can be assessed. 

Preservation technologies can be categorized as in-vivo maintenance, - 
in-vitro maintenance, cold storage, and cryogenic storage. Seeds and 
vegetative plants ar2 the storage form of most germplasm. Ia-vitro cultures 
| are supplementing in-vivo maintenance for several species. Pollen and nucleic 
_ acids may be useful for augmenting germplasm preservation in the near aad 
| distant future, respectively. Active and base collections may require 
different storage conditions, and strategies for improving preservation should 
critically assess the requirements for these different collections. 

Orthodox (desiccaticu tolerant) seeds are stored at ca. 5°C (medium term 
| Storage: few to 20+ years) or ca. -10°C to -20°C (long germ storage: ca. 20 
to 100+ years). But actual data for different species are sparse and , 
longevities vary considerably. Storage of seed under low temper-tures and 
low humidities prolongs viability. Cryogenic storage should give extremely 
_ long periods of viabiiity for many materials and must be realisticallv 
evaluated, especially for base collections. Recalcitrant (desiccation 
| sensitive) seed species are usually maintained as vegetative plants because of 
| short seed longevity. In-vitro preservation of these species is feasible, but 
mot yet used. Research into cryogenic storage of recalcitrait seed is 
| necessary. 
| Clones are maintained if there is some desirable attribute of the line 
| or if considerable time is required to grow a seed to a mature plant. Clonal 
germplasm is stored as vegetative plants, usually entirely by in-‘7ivo 
| Maintenance. This includes orchards, some forests, and botanical gardens and 
| arboreta. In-vitro preservation has a number of advantages and should 
_ supplement in-vivo storage, but it requires both research and development for 
application. Cryogenic storage of shoot-tip/buds requires research, but holds 
| promise for base collections. 

' Preservation technologies will be improved and advanced by an increased 
understanding, through research, of all issues of germplasm. Basic problems 
with preservation can be improved for all types of germplasm by developing 
sound policies, more fully utilizing existing tehcnologies, developing 
rigorous training programs, and more critically assessing performance. 
Improvement requires strong guidelines, action and additional suppcrt. 
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PLANT GERMPLASM STORAGE TECHNOLOGIES 
I. Introduction 

Plant germplasm comprises the total array of living plant species, 
sub-species, genetically defined stocks, genetic variants and mutants whose 
continuing availability is important for societies present and future health 
and welfaze (77). The extent of materials considered germplasm for a given 
crop depends upon the crop. Thus, potato germplasm, because many of the 
tuber-bearing Solanum species intercross, consists of some 160 or more species 
J and all lines contained within. Maize germplasm consists of only a few | 
species, but comprises many adapted land races. 

The concept of biological diversity includes both genetic diversity, the 
amount of genetic variability among individuals in a single species or genus, 


and species diversity, the number of species in a particular community (77). 


| Since major concern is with crops for food, fiber, fuel, shelter, and 


medicinal purposes, the concept of genetic diversity within a species is more 


| pertinent. Species diversity is an ecological concept which is important aot 
only because these species may represent future important crops, or contain 

| information eventually useful for crop improvement, but because communities 
provide benefits relating to sustainable land development and envirecmental 
stabilization (e.g., erosion control, recreation, watersheds, wildlife 

| habitats). 

| Advances in knowledge of gene structure, function, and manipulation as 
. well as increased understanding of incompatability barriers and ways to 

| overcome them herald a new era for use of genetic manipulation for crop 
improvement using genes from taxonomically distant species (40,46,84). Thus, 
we should adopt the broadest definition of germplasm of a given crop for 


collection and preservation purposes. The question of delimitation is nat 
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trivial for there are great concerns in effectively utilizing limited funds 


for the collection, maintenance, evaluation, and distribution of germplasm 


accessions. Questions of what needs to be collected, how much, from where, 
and where maintained are very difficult to answer even on a crop-by-crop, or 
species-by-species basis. 


Ecologists, geneticists, and plant collectors of many crops have 


repeatedly warned about the rapid disappearance of land races, primitive 


cultivars, and wild species (36,37). Clearly the need is to adequately 
collect materials now, especially in endangered areas. The United States is 
poor in crop relatives and land races of most major food crops, and thus, 
collections must be made in many other countries (48,66). These foreign 
expeditions require extensive planning and international cooperation for 
success. Fortunately, concern about maintenance of genetic diversity is 
worldwide and voth the National Plant Germplasm System (NPGS), and the 
International Board for Plant Genetic Resources (IBPGR) have Laid the 
groundwork by sponsoring numerous meetings, symposia, training sessions and 
publications on important issues of germplasm conservation for many crops 
(63,79). Major food crop diversity can be sampled, but the adequacy of these 
collections remains a question (37,39,109). Coliections for emerging crops 
and plants producing medicinally important compounds are much more difficult 
to sample because little is known about the genetic composition of these 
plants and their populations. Land races and cultivars do not exist--rather 
heterogeneous wild populations are typical, but are usually inadequately 
sampled (57). Problems with sampling rare wild species are even greater. 
The genetic diversity of a species consists of geographical diversity, 
interpopulation diversity, and intrapopulation diversity (50). Although 


there are strategies for sampling to obtain individuals representing as much 
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of this diversity as possible (2), practical restraints limit the amount of 
diversity collected (57). It is imperative that the diversity that is 
collected be maintained through the best preservation technologies available. 
Plant propagules have a limited longevity under storage conditions. Limited 
longevities and distribution of materials to the user community necessitate 
periodic replenishment of the stock. Sound reproduction strategies using 
adequate numbers of parents must be utilized to insure no loss of genetic 

_diversity during this phase. Thus, preservation embodies both storage and 
regeneration. 

- Althcugh genetic diversity is an understandable concept, measures of 
diversity are not easy to define. Diversity is evident by morphological, 
Baedelocical, biochemical, and physiological differences, but the measurement 

| of it is limited by the tests we apply. As an example, disease resistance to 
an, as yet, unrealized pest, cannot be evaluated and the diversity for 
resistance remains unrecognized. This signifies the importance of adequate 
evaluation to gain measures of diversity. When better measures of diversity 
exist, better storage technologies and regeneration strategies can be designed 
and implemented. It is difficult to separate the importance of storage for 

| retaining diversity from other aspects of maintenance, especially the 
regeneration phase. Inadequate storage and improper regeneration definitely 
| lead to the loss of genetic diversity (89,91,96,97). With good preservation 

| technologies, the objective is to maintain the genetic diversity that was 
initially in the collected accessions, but obstacles are abundant. Diseased 
materials,.materials grown and multiplied under adverse environmental 
conditions, and genetic traits linked to unfit genotypes may yield propagules 
which do not store well under the conventional system, and if grown out in a 


regeneration cycle may not contribute to the next generation (for example by 
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not flowering, especially in an inclement environment). The use of 
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alternative storage technologies may retain viability in these variant 
materials in many cases; however, these technologies must be creatively 
designed and used. . 
The maintenance of species diversity is more difficult. One must not 
only maintain the species diversity in a community but also the genetic 
diversity of each component species. Species diversity could be maintained 
with existing storage technologies if adequate samples of kefietic diversity 
within each species of the community were collected. Since most collections 
probably represent inadequate sampling, species diversity at best is a biased 
sample of the native, wild community. The lack of adequate measures of 
diversity raises the question whether current collections are preserving 


acceptable levels of genetic and species diversity. 
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ni. Germplasm Preservation--Technology Assessment 


The need for germplasm preservation of diverse species has been amply 


Ri 


stated (36,37,114) and efforts have and are being expended nationally and 
internationally to collect germplasm from centers of crop diversity and 
endangered growing areas (54,72). These collections of land races, primitive 
cultivars, and wild species must be maintained, multiplied and evaluated to 
assure their avabilability for future plant improvement. 

What storage technologies are available and. used, and what alternative 
technologies exist that may allow for more efficient preservation? The 
concept of an active collection for a crop as contrasted to a base collection 
needs to be emphasized first because different storage technologies may be 
applied to each. This concept ime y relates to lines maintained as seed. 

An active collection consists of materials available for distribution, usually 
for Bepii dition to breeding programs (26,80). The term working collection is 
sometimes used as oda for an active collection but here we restrict this 
term to materials held and used by breeders. The distribution and use of 
propagules along with decreases in viability during storage deplete stocks and 
replenishment is necessary by prescribed regeneration procedures that differ 
from species~to-species. 

A base collection is essentially a duplicate of the active collection, 
but it is held in long-term storage as a back up should there be a loss of the 
active collection (26,80). These stocks are generally not distributed but do 
suffer viability decline during storage. Obviously, storage strategies that 
allow the greatest longevity are desired for base collections. Loss of 


genetic diversity and increased incidence of mutation are associated with loss 


of viability (90). 
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Storage longevities required for active collections somewhat depend upon 


distribution requests, and thus, materials may not require conditions that 


give the longest storage. 


considerably. Within an active collection, the seed which is grown out for 
Crossing to regenerate the seed stocks should have the best storage possible 
Since it is used to perpetuate the genetic diversity for the user community. 

Thus, different storage technologies for active and base collections are 
highly desirable. Two examples are illustrative. Cryogenic storage of seed 
may give extremely long lifetimes useful for a base collection (90,105,106); 
however, space considerations for the greater numbers of seed required for an 
active collection may dictate that 5°C storage in vaults is sufficient for 
distribution seed, and -20°C storage sufficient for seed used to regenerate 
the seed lot. For woody clonal materials, orchards (field genebanks) or 
in-vitro plant cultures are preferred for the active collection because 
budwood cuttings, or cultures can be supplied with little delay. A field 
genebank can never form a satisfactory base collection (60). A base 
collection of cryogenically~stored shoot-tips or buds would be space and 
energy saving, but would not be in a form which can be directly sent to a 
user. 

For purposes of this paper we consider that germplasm preservation 
consists of the storage technology per se and the regeneration 


(multiplication) phase. Both are the responsibility of the genebank and are 


_ intimately connected. 


A. Germplasm Acquisition and Maintenance 


In the United States germplasm acquisition began on a rather informal 
basis when the first colonists arrived bringing with them seeds of various 


crops. After the establishment of the new republic, ambassadors or consuls in 


In practice, requests for different accessions vary 


ee he a 


nd 


Re ae ee ee Re 


. * 
. 
- 
- 
’ 
. 
a 
+ - 
“ 
: 
- 
- 4nd 
2 
eo 
> 
e Po. | 
4 


Fittiele eitas 25% bei reper: wag Fe Vegaol ie 


ted ee 1 Tu A Bes } pet Y ae 1<ité bssial omg 


(svi eee | baelges aOtinelow Jobe saya 


- 


vem efaryudet: nud? bee- )2e20N9a8) ae 


“eine, . aor Pree i ng Sto? a sees 
*’>) + ad 

et are 7 

oe = . f 

an ile a erritas, Jago Sei y os Ba ers u Ea 


: 


ook. i eo al tt te keane wily. *IA* WORSE, 2 
; : : 2 

ee ey fis od. boas & 
a tusga hit . fe 
Lasicpen ot voideikaale 


r 


~ > - i <<a e r Be i. viswas +2 


Vue 


¥ c enhed mw fk: , i eee vt-e009 * * = 


ite ‘J? sudt odereee Yow oc} 7 2al fos 


aed 
La 


* ’ = ~ ae be “¥? QD ? mevid bass 


oy 


RY £8 sj 7a wag ® beraiieo  ineiga 


* 
int v_exeh YoveT ae 


“ ; Ps 
es wecd z 4 7 
© . ta 
x is 
s° 6 ? , mi 
‘> 
‘ 


Pes anes a Seeks 278e- do 2820 


un tearl ows a aea3eo2. 203_ 3a 


* > iv. gee @fo8- seedy Grozteee 
by Toenhes eS 

ociedniatt te asese ‘ley ezelin 

Clabes Me a!) eaten Mate 7 


7 " i 
<a want ek? Yo. when iat ans” ae 
i , 


| ; - ° 
| \ 


| aed 


ae ae laa a 
rt re ae a ee 


| ee ee ‘ 
q Se Nt A A A EE NER ER I EN A NNT OR NENA HS OE AY es 
| a) y ( ) 
| és 


foreign countries were encouraged to send seeds of new plants which might be 
of use in American agriculture. In 1839 the first grant of $1,000 was made 
for plant introduction and in 1897 the Office of Foreign Seed and Plant 
Introduction was established. A sequential numbering system for documenting 
germplasm accessions was begun in 1898 and thus the beginnings of the National 
Plant Germplasm System were laid down (103). 
1. Reasons for storage 
Although nearly half a million Plant Inventory (PI) numbers have been 

assigned since 1898, a number of these accessions, especially the earlier 
acquisitions, have been lost. James (63) estimated that 70% of the soybeans, 
| 98% of the clovers, and 66% of the oats introduced were no longer available. 
This may be an overestimate because holdings by breeders were not considered. 
Loss occurred because the complexity of germplasm issues were not generally 
appreciated and appraised. No long-term storage facility existed. Breeders 
who retired or died often had no one to take over their materials, or 


germplasm stocks were evaluated for the specific traits and then discarded. 


This is still a problem. The thinking then was that we could always go back 
to a location and collect more materials. With the second World War and the 
political aftermath, collecting expeditions could no longer be car‘ied out at 
| will in some locations (for example, China) and thus the idea of a long-term 
seed storage facility was conceived. ) 

The need for preservation of germplasm is greater than ever. Germplasm 
is being lost world-wide at an alarming rate due to such factors as: (a) 


environmental changes (Sahel desert, clearing of trees in the Amazon rain 


| forest; (b) natural disasters (flood, fire, earthquakes, volcanos); (c) loss 
| of agricultural lind to urbanization; (d) green revolution (replacement of 


land races with new cultivars and hybrids~-monoculture) ; (e) lack of 
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recognition of wild relatives of domestic species resulting in their extinction 


through carelessness, or elimination because they may be disease carriers. 


Political problems in and among countries may restrict access and exchange of 


germplasm. 


The enormous task is to acquire this endangered germplasm, before it is 


lost. The best we can hope for is to acquire the material and pceserve it 


until such time that evaluation can be accomplished. Long-term, ex situ 


Storage in base collections offers the best chance of maintaining the genetic 


variability still available. 


2. Criteria for acquisition 

All of the germplasm of all species cannot be preserved. Thus some 
Criteria must be established for acquisition. Germplasm for a given crop 
plant consists of five kinds: (a) cultivars in current use; (b) obsolete 
cultivars; (c) special genetic stocks of various crops such as resistance 
Stocks, genetic and cytogenetic material, induced mutations, etc.; (d) 
primitive virieties or land races; and (e) wild and weed species related to 
cultivated species (35). 

Seed of self-pollinating and open-pollinating cultivars in current use 
are routinely acquired and preserved while hybrid cultivars are not {policy 
statement, U.S. National Seed Storage Laboratory (NSSL)]. Obsolete cultivars 
may Or may not be in existing germplasm collections. If they are not in the 
Bet ection now, there is limited prospect of finding them. Special genetic 
Stocks such as those for tomato, peas, corn, and barley are presently 
maintained by individual curators with financial support from the USDA and 
others. These ane are generally well-maintained and are used extensively 
by plant geneticists for gene mapping and for various genetic and physiological 


studies. As new genes are discovered they are added to the genetic stock 
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collections. This leaves the last two categories (d and e) for additional 
collection and widening of the genetic base for a given species. 

In the United States germplasm collection missions are developed by 
individual scientists, usually curators or plant breeders, and funding is 


available from the USDA after review and approval. Generally 4 to 6 plant 


exploration missions are funded annually from a budget of approximately 


$50,000 per year provided by ARS. The criterion for acquisition is largely 


the perception of an individual or a group responding to the needs of a 


particular crop or species. All germplasm collected on USDA sponsored missions 


becomes part of the NPGS and is freely available to plant scientists everywhere. 


Private companies, individuals, and other institutions (for example, botanical 
gardens) may sponsor explorations for their own benefit. 

The IBPGR has also sponsored numerous expeditions over the past 10 
years (59,72). The outcome of these collections (over 300 missions in 88 
countries) has resulted in over 100,000 samples being deposited in genebanks. 
Future efforts by the IBPGR will emphasize individual crop genepools and 
specific collections of wild, related species. Also the intent is to "carry 
out. more field surveying so that much more specific collecting can follow as a 
result of eco-geographical data analysis." As collecting work slows greater 
emphasis on characterization of the materials should result in better 
utilization. 


Another important mechanism for acquiring germplasm involves exchange of 


materials wich other germplasm facilities, governments, and individual breeders. 


’ Through the efforts of the NPGS and the IBPGR such exchanges have been both 


encouraged and facilitated through various funding mechanisms. 
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3. Evaluation 


A serious deficiency in our overall germplasm effort has been germplasm 


evaluation (18,86). Underutilization of accessions is mainly a result of lack 


of sufficient data on existing material. The time and effort requireu by 
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plant breeders to screen all of the samples for a given species for a specific 
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trait is prohibitive, especially when the pressure to produce a new and better 
cultivar is so Strong and academic and financial rewards are based on such 
production. The Situation has been improving. International research 


_ centers, such as CIAT, CIMMYT, IRRI, etc. have screened many accessions for up 


to 30 or more plant characteristics important in agriculture, chiefly disease 

and pest resistance, yield, and quality factors (21,23). There is no easy way 
to assess thoroughness and accuracy in evaluation of a given collection. The 
users experience with materials and supplied data will ae reliability. 
In the U.S. the four regional plant introduction stations have always 


included preliminary characterization as part of their maintenance duties for 


working collections of seed. This, however, is not sufficient evaluation and 
more extensive efforts are necessary. Recently two developments have 
sharpened the focus on these efforts. The first is the development of the 
Germplasm Resources Information Network (GRIN) which provides a readily 
_ available computerized database for handling plant evaluation data (66). The 
t second development is the formation of Crop Advisory Committees (CACS) (now 34 
in number) one function of which is to identify and prioritize characteristics 
of importance for evaluating germplasm accessions. Evaluation is done mainly 
by ae breeders. Financial support has been increased recently and prospects 
for further increase appears encouraging. 
: Industry has long recognized the need for more evaluation. Recently 


Pioneer Hi-Bred Internationa) provided a $1.5 million grant over 5 years to 
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the USDA-ARS for evaluation of Latin American maize germplasm (6). Additional 


Support of this nature could result in an accelerated pace for germplasm 


i 
evaluation and subsequently its more widespread utilization. i 
Characterization of geraplasm is necessary to determine and test optimum 
regeneration cycles to insure that diversity is not lost in storage or : 
regeneration phases. Characterization may consist of electrophoretic analyses 
of protein or restriction DNA fragments, possibly combined with morphological | 
measurements. Nonspecific protein and isozyme characterizations have been 
used in many crop species, perhaps best so for maize germplasm (43,81). 
Considerable methodology exists but application to diverse materials other 
than major crops is sparse. However done, the characterization allows asking 
questions related to changes in populations, particularly heterogeneous ones, 
during storage or regeneration. Extensive characterization may not be 
necessary for all accessions of a species but merely for a sufficient number 
to ascertain the optimal preservation conditions. If money, manpower, and 
techniques were sufficient, it would be desirable to assure that the diversity 
in each accession were maintained. 
4. Duplication within a collection 
The major problem with duplication of germplasm accessions resides in 
the inability to identify absolute duplicutes, and hence costs with storage 
and regeneration are increased. When wrsieaei ots are done differences among 
accessions sometimes result in identifying unique accessions; however, when 
can you ever say that two accessions are exact duplicates? Some additional 
test may prove two otherwise identical samples are, in fact, different. 
Duplication within a collection occurs in many ways. Mislabeling or 
human error during seed increase can result in duplication of some samples 


(and possibly loss of others). Different names for the same cultivar or 
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repetitive sampling of the same material (germplasm collection mission) can 


result in duplication. In some cases germplasm samples have been distributed 


to users or other genebanks, have then been redistributed, perhaps renamed or 


new identification numbers assigned, and then returned to the Original source 


as new accessions... 


In the above discussion we have been thinking in terms of exact 
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duplicates. However, it may be that very minor differences between accessions, 
for example, differences in gene frequencies or maturity differences of 1 or 2 


days, may not be of concern. In-these instances duplicetion would b- 


considered to be present. Other times such differences are very important 


and, thus, duplication is not present. Attempts to identify duplicates have 


focused on measuring numerous phast characteristics under field grow-out or 
laboratory conditions. Computer clustering analysis can then ‘calculate 
"genetic distance" among all accessions (87). Also techniques suck as 
electrophoresis of proteins and enzymes have been used to "identify cultivars" 
(17,81). Again the results of these analyses may tell us when two samples are 
different, not if they are identical. However, for the purpose of ie canentrs 
genetic variability (diversity) within a collection, they are helpisul tools. 

Some duplication within a collection, especially at the gene level, is 
highly desirable. In the case where an accession is lost, the genes at least 
would be saved, albeit in different combinations. Duplication among 


collections is also necessary in the event an entire collection is lost 


| 
4 
: 
¢ 
‘ 


through some diasaster. Within the NPGS the policy is to duplicate the active 


collection in the base collection at the NSSL. However, at present numerous \ 


Samples are present in c=ly one or the other collection. 
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B. Types of Preservation Technologies Available 


The preservation technologies available can be termed in-vivo maintenance, 
in-vitro maintenance, cold temperature Storage, and cryogenic storage. 
Germplasm from a given species may be stored by any of these technologies; 
however, the nature of the crop and the propagule, the genetic breeding system, 
and ease of storage currently favor one or two technologies. Preservation 
technologies are often classified as in situ, where conservation occurs in the 


_ Natural state and ex situ where conservation occurs in some manner other than 


the natural cormunity (50,83). 
1. In-vivo maintenance 


Preservation of germplasm in this manner involves preservation of the 


vegetative plant and has several forms. One form is the ecological or 
| biosphere preserve best envisioned for wild species where maintenance is- under 
natural conditions (in situ). Other forms involve plantations (ex situ). The 
botanical garden utilizes both sheltered structures and open areas and entails 
considerable management of species composition and environment. Other 
controlled plantings include orchards, some forests, perennial gardens of 
herbs and flowers, and root and tuber plantings. 

2. In-vitro maintenance in the grow-..3 state 

The concept of in-vitro storage is still evolving but for purposes here 

is considered to be the growing of entire plants (plantlets) in glass or 
plastic vessels under sterile conditions. With proper methods lines are 
isolated in a disease-free (tested) state and maintained = such. Storage 
| conditions are under light at normal growth or reduced temperatures and may 
involve growth media modifications, In-vitro plants are initiated from either 
meristems or buds and are propagated through divisions; ve lines are 


maintained in clonal fashion. 
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3. Cold temperature storage 


For discussion purposes, this is defined as storage at temperatures 
ranging from about +5°C to -20°C, the range possible with single stage 
compressor refrigeration systems. Seed is the propagule usually stored at 
cold temperatures, although some cuttings, tubers, roots, etc. from clonal 
lines can also be maintained for periods of months at temperature of 0 to 
10°C. The increased use of in-vitro cultures has stimulated studies on their 

| _ Storage at reduced temperatures and under minimum growth conditions (56,60). 
! 4. Cryogenic storage 

Cryogenic storage refers to storage of propagules under very low 
temperatures. Ideally, temperatures less than about -130°C are desired 
because of absence of any liquid water, very low molecular kinetic energies 
and extremely slow diffusion (74). Chemical reactions (e.g., metabolism), 
thus, occur very slowly and storage longevities are postulated to be extremely 
long--limited only by the buildup of genetic lesions due to background 
irradiation (10). Storage in liquid nitrogen (LN, -196°C) or in the vapor 


above LN (ca. -150°C) is usually envisioned because it is a relatively cheap 


cryogen. The storage of seeds, pollen, and small shoot-tips and buds in LN is 
projected to be useful. for preservation of base collections once research and 


development problems are overcome ee ag Oey ee 


C. Propagules for Germplasm Preservation 


The following are the general categories of propagule used for germplasm 
storage. For a given species one or more types are used to store diversity. 


The particular characteristics of the species or crop determine which form is 


stored. 
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1. Seeds 


Seeds are the most common storage propagule for germplasm preservation, 


although they differ among species in longevity and ease of storage. Long 
periods of storage are desired to reduce problems associated with seed 
regeneration schemes, including cost of regeneration (cost, time, space) and 
risks of loss due to disease and environmental problems (89). Short-term seed 
storage is usually under ambient conditions, medium-term storage at ca. 4°C 
and long-term storage at -10°C to -20°C. For example, longevities for rice 
seed under short-, medium-, and long-term storage are about 5, 30, and greater 
than 70 years, respectively. (21). 

Seeds are classified into orthodox seeds (those capable of retainin; 
viability after being dried to less than about 5% moisture content--also 
termed desiccation tolerant seed) and recalcitrant Sete (those lcsing 
viability after being dried below a critical limit, usually about 12-30% 
moisture--desiccation intolerant seed) (22). Desiccation-intolerant seeds are 
also termed short-lived seeds. Most temperate crop species have orthodox 
seeds. Orthodox seeds 2re usually dried to moisture contents of 5-7% and are 
then sealed in moisture proof foil laminated bags for storage at between about 
5°C and -20°C (15,26,67). Care must be taken to be sure seals are complete 
and no punctures occur. Other storage containers may suffice (26,62). 
Accurate seed viability tests and methods of breaking dormancy are necessary 
for evaluating longevity (30,67). An additional problem with seed 
preservation of wild speci2s, especially those not common, is the lack of 
research to establish viability testing procedures. 

Many studies have shown the importance of seed moisture content and 
storage temperature for retaining viavility in orthodox seeds (14,90). 


Lowering the seed moisture content to 5-7% and lowering the storage 
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temperature increases longevity for many species, but data are limited for 

different species, especially with Storage at subzero temperatures. 

Approximations based on a number of assumptions suggest that seed from many 

species will have longevities of about 100 years when stored at -20°C (90,91). 

Longevity can also be affected by genotype and by environmental factors during 

ripening, harvesting, and drying of the seed before Storage (14,91,104). Care 

in handling seeds is necessary during the initial collection period (104) and 
subsequent regeneration cycles. 

- Orthodox seeds at low moisture levels often retain the same percent 
germination after LN treatment as before; hence, extended storage for more 
than a century may be possible (105). Some limitations on LN use for orthodox 
seed may exist and may relate to the seed coat, seed oil content, and seed 
moisture content. One group of orthodox seeds are desiccation tolerant, but 
Sensitive to low temperatures (105). Many temperate fruit and nut seeds 
(Corylus sp., Juglans sp., Prunus sp.) exhibit this characteristic, although 
the extent of desiccation tolerance, the limits of low temperature 
Sensitivity, and mechanisms of injury need further study. 

Recalcitrant seed are produced by aquatic species, large seeded species, 
species native to tropical areas, and some temperate zone tree species (e.g., 
oaks) (22,69). Coconut, cocoa, mango, nutmeg, and rubber plants 3ce examples 
of economic species with recalcitrant seed. Adequate tests for true 
recalcitrance should be established and used (93). For example, citrus 
species, formerly thought to be recalcitrant, were shown to be dormant instead 
(90). The storage of species with recalcitrant seed poses considerable 
problems in retaining genetic diversity. To retain Viability, recalcitrant 
seed are stored at as low a temperature as possible under arte which 


retain the relatively high seed moisture levels and assure a supply of cxygen 
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for respiration. Some recalcitrant seeds, however, are chill sensitive. The 

few weeks to few months storage obtained with these conditions are too short 

for adequate germplasm preservation (92). Thus these species are usually 


stored as vegetative plants, but if diversity is considerable, many 

° aoe i 

individuals must be conserved, resulting in large space and maintenance costs. | 
Axillary bud cryopreservation from in-vivo vegetative plants and/or 

in-vitro plants might be useful for base collection storage of recalcitrant 

| - seed species. But again, if the particular species is highly heterozygous and 


diverse, many different individuals are necessary to preserve diversity. | 


The inability to tolerate desiccation and the chill sensitivity of some 
recalcitrant seeds necessitate research into the mechanisms of injury and 
methods of alleviating it before long-term storage will be possible. 

Cryogenic treatments involving Cryoprotectants may provide suitable procedures 
in the future, and is a suggested approach, possibly for excised embryos 


(44,69). However, ne procedure so far has been successful for the 


reproducible cryogenic preservation of recalcitrant seed. 


2. Pollen 

Pollen is not a conventional vehicle for germplasm preservation, but in 
many species there is considerable interest and information on pollen 
preservation for breeding purposes (112). At present pollen storage is mainly 
for convenience in crossing materials that flower at different times. A 
population of pollen grains collected from genetically different individuals 
would contain the nuclear genes within tnat population; cytoplasmic genetic 
factors, however, would not be present. 

Pollen can also be grouped into types that are desiccation tolerant and 


desiccation sensitive (112). The tolerant types store best when dried to a 
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low moisture content and are kept at low temperatures, analogous to orthodox 


seed. Desiccation tolerant pollen survives cryogenic exposures. Desiccation 
sensitive pollen (for instance, pollen of many members of the Graminae) loses 
viability during drying and cannot tolerate temperatures where its cell water 
freezes. Cryobiological strategies have given some success with desiccstion 
sensitive pollen, notably maize pollen (i2), but once again data are sparse. 

Storage of pollen conserves space compared to seed or clonal storage, 
and could be useful as a supplement for a base collection of vegetatively 
maintained lines, for example, species with recalcitrant seed, Species with 
recalcitrant seed do not necessarily have desiccation sensitive pollen. 
Pollen alone, however, could not form a satisfactory base collection (60). 
Considerable information on stability and longevity at subzero temperatures is 
also needed ee st storage could be used. 

One limitation to the use of pollen as a sole propagule for base storage 
is the difficulty in regenerating whole plants directly from the pollen. 
Regen vation from free pollen culture is being studied in several species for 
production of doubled haploid plants (11). The future may bring bring methods 
ef application to pollen from all species. Problems of diversity loss using 
pollen storage will still occur. For example, in regenerants traits linked to 
a lethal survive in the heterozygous state but are lost in individuals 
homozygous for the lethal trait. 

3. Vegetative materials 

The other major storage form of germplasm besides seeds is the 
vegetative plant itself. These plants are maintained in-vivo in greenhouses 
Or outside plantings. Various plant parts such as cuttings, budwood, root 
divisions, and tubers are used for distribution purposes. Maintenance of 


vegetative plants of woody materials requires considerable snace and cost, and 
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loss due to disease could be expected to occur unless extremely vigorous 
management practices are utilized. Herbaceous clonal materials, such as 
potato, can be maintained within greenhouses or screenhouses where 
phytosanit.ary conditions are more stringent. 

There are often tremendous adaptive characteristics within a species, 
associated with survival at different latitudes, longitudes, and altitudes. 
Growth of these materials as vegetative plants at single locations may place 
certain individuals under environmental stresses and decrease fecundity, aad 
may present problems in evaluation and characterization of germplasm. 

Survival of in-vivo axillary buds, shoot-tips, and stem sections after 
cryogenic exposure has been reported (68,98), and may be useful for base 
collections of species which cold acclimate, especially woody materials. 
Research is needed to answer many questions concerning genotype stability, 
grafting potential, rooting potential, and physiology of the parent plant. 


4. In-vitro plant culture 


| Plant microculture (defined here as plantlets maintained in in vitro) 


| _ has been advocated for preservation of a wide array of species, usually those 
| for which clonal maintenance is either necessary or desired (28,56,60). 
Indeed, with the current rate of progress in plant microculture technology, 

| virtually any species will grow in vitro (4,24,32,101), but indiscriminate 

| application is neither practical nor desirable for germplasm preservation. 

| Care must be taken to apply this technology to species which absolutely 
require clonal maintenance. Reasons cited include maintenance of 
heterozygosity and adapted complexes, inability to easily set seed, and long 
juvenile stages (especially in woody lines) (28). Certainly for some species 
seed can be used as the base collection while clonal materials can form the 


working collection (e.g., apple) (60). 
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Storage of plant sieedeureices for germplasm preservation occurs under 
either normal growth conditions, reduced temperatures, or on a 
growth-restrictive nutrient medium at ambient or refrigerator temperatures 
(56,115,116). Storage in this manner usually gives longevities of weeks to 
months before subculture is needed. 

The long-term storage of clonal lines could be accomplished 
cryogenically with isolated shoot-tips and buds. There is evidence that shoot 
tips and buds can survive LN exposure if plants in the appropriate stages of 
growth are utilized and if a strict protocol is followed, including proper 
pretreatment, addition of a cryoprotectant, avoiding supercooling, using 
optimum cooling/warming rates, post-thaw recovery, and development of suitable 
growth media which allow plant regeneration from the bud (68,98). Rec carch 
has demonstrated that shoot-tips from herbaceous lines (potato. carnation, 
pea, cassava, and strawberry) and from woody lines (apple) can survive LN 
treatment. Many questions remain, among them whether a single procedure works 
well for a diverse array of genotypes, and if plant regenerants are completely 
normal after treatment. 

Based on present knowledge, after LN treatment shoot tips from 
herbaceous lines either form callus before shoots are regenerated (68,111) or 
form adventitious shoots at different locations within the tips (49,68). Both 
increase the chance for somaclonal variation (99,100). LN-treated buds from 


hardy or acclimated woody lines may develop directly into a plant, but whether 


this occurs for all species cannot be stated because of so few studies. 


As an alternative to ice formation during low temperature exposure, 
Vitrification (glass formation of system without actual ice crystallization 
during the exposure to low temperatures) is being studied for retention of 


Viability in animal systems (33). This possibly could eliminate certain 
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injurying events during Avo itis (ead ig and increase the ditevadte size of the 
propagule being treated. “High concentrations of cryoprotectants are necessary 
and must be examined for general toxicity. This is an intriguing possibility 

for cryogenic storage of plants that is yet unexplored. 

The use of the term in vitro may also refer to cells, tissues, or organs 
in culture, but their use for germplasm storage is not feasible at the present 
time due to cytological instabilities in culture systems and the virtual 
ubiquity of somaclonal variation in regenerated plants (60,99,115,116). 
Embryogenic systems may be relatively stable compared with adventitious, 
shoot-regenerating systems and, therefore, more attractive for genetic 
conservation. Once reproducible regeneration is possible from a range of 
genotypes and somaclonal variation is restricted (or controlled), the 
potential for using cells or protoplasts of some species for storage 
(especially cryogenic storage) may be feasible. 

5. Nucleic acid preservation 

In the past 10-15 years there have been tremendous strides in 
manipulating genetic material. Genes can be located, excised, re-inserted, 
and in some cases apparently retain somewhat normal function. Gene exchange 
by molecular techniques among diverse biotypes is being explored. 

Nonetheless, a better understanding of gene structure, function, and 
regulation, along with interactions and interdependence on other genes, is 
needed for any consideration of application to germplasm pteservation, but the 
future appears bright (85). Germplasm preservation technologies for the 
future may wel] include the preservation of the isolated genetic information 
(DNA and/or RNA) from the cell. In terms of present understanding, the 
preservation (of the DNA) could be as a lyophilized extract or a frozen 


solution at very low temperatures. Alternatively, a compete array of 
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restriction fragments of the DNA could be introduced into other organisms 


(bacteria, yeast) and these stored at very low temperatures. Many microbes 
are easily cryopreserved and even successfully freeze-dried (9). 

With our current understanding many problems must be overcome before 
this technology is utilized in any form for germplasm preservation. Two 
exezupies are the requisite interactions between organellar genes and nuclear 
genes and the complexity and size of certain functions and controls to be 
transferred. It is doubtful that nucleic acid preservation would ever be the 
sole means of germplasm preservatior, but it could form a useful adjunct to 
existing technologies. Careful thought is essential in defining its use for 
future strategies of germplasm preservation. At present DNA technologies hold 
more promise for characterization and disease indexing of germplasm (85). 

D. Diversity of Plant Germplasm 

Any consideration of germplasm storage must deal with tremendous numbers 
of different plant species. Currently, crop species grown for food or fiber 
purposes occupy most efforts, and indeed, the need for increased productivity 
because of enlarging populations and for quality of products because of 
evolving pests and disease makes such a priority justifiable. Increased 
studies of genetic maintenance of forest species, likewise, is strongly argued 
because of their economic value. But germplasm preservation should also deal 
with wild materials, not only as they relate to domesticated plants, but also 
because of potential use as foods, medicinals, or ornamentals. 

1. Genetic systems 

The maintenance of genetic diversity depends upon reliable regeneration 
as stocks are depleted due to distribution and declining viability and 
requires knowledge of many aspects of plant genetics. Population structure 


determines sampling strategies for both domesticated and wild species (2,82). 
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For example, many cultivated grains are inbreds (self-pollinated) and are 
usually highly homozygous, although the populations may be quite 
heterogeneous. As a contrasting example, many fruit and vegetable species 


result from outcrossing and have a number of incompatability barriers to 
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facilitate this; these populations are heterozygous and often heterogeneous. 
Collection and regeneration schemes must utilize such knowledge for germplasm 
preservation. Each species needs to be assessed to determine the best 
procedure for maintaining maximum diversity. 

The genetics of most crop plants is well known, but manipulation of 
diverse germplasm by emerging classical and genetic engineering techniques is 
in its infancy. The knowledge of the genetics of wild species itself needs 
Btudy before preservation and evaluation of genetic diversity are effective. 
Knowledge of the population structure of an accession is important for 
assessing factors that might alter the genetic composition (19,95). For 
example, several factors affect the maintenance of composition of a 
heterogeneous accession (Fig. 1) and must be considered in regeneration and 
preservation schemes. A homogeneous accession, however, is uniform and 
regeneration schemes would not have problems in differential survival, 
productivity, and maturity. Sample size, therefore, could be smaller. 
Recommendations for number of seeds for an accession in long term storage are 
at least 3000 to 4000 for homogeneous accession and 4000 to 12000 for 
heterogeneous accessions (26,61). 

2. Plant diversity 

Categories of crops often used (Table 1) are artificial groupings based 
upon economic usage and, as such, the members may not have the same breeding 
Systems and are not necessarily stored by the same technology. Detailed 


discussions of the genetic resources for specific crops {mainly seed crops) 
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can be found in a series of directories published by the IBPGR and in annual 
reports from many of the genebanks. The IBPGR has coordinated a world-wide 
network of base collections, now some 30 collections for 34 crops, and is 
actively devising a similar network for active collections. A purrent list of 


these genebanks is available from the IBPGR (47). 
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Active collections are existent worldwide for most major crops (86) and 
‘ in each group other than cereals and grain legumes both seeds and vegetative 
| plants are maintained for some component species. Base collection strategies 
and concepts are. not well developed for species where clones are the | 
predominant economic form or where species with recalcitrant seed exist. The 
Storage technologies used for each group depend upon species but in general 
cold temperature storage is used for the orthodox seed of most groups with 
Cryogenic seed storage in either the research or developaient phase. In vitro 
storage is being routinely used for some lines in some groups, but research 
and development phases are more prevalent. Appendix A provides information on 
Preservation for the major food crop groups. We should emphasize here that 
there is no way to assess performance of the many genebanks worldwide with 
regard to reliability in either maintaining storage conditions or in 
preserving the diversity collected. 
E. Evaluation of Technologies 

The previous dierieed aris ot storage technologies, propagules, and the 
plant kingdom diversity necessarily included concepts of evaluation. Poirits 
to be addressed now are effectiveness in terms of cost, viability and 
Bi eterance of genetic stability, and problems of application. 

1. In-vivo maintenance 
Evaluation of the overall effectiveness of in-vivo maintenance is 


difficult; however, certain conclusions appear obvious. Ecological preserves, 
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while probably effective for some wild species, appear to be too demanding to 
apply on a broad scale, given the many species and many communities existing 
in the world, the variation occurring within a species range, and the unique 
environments required by these ecotypes (38). Vast numbers of preserves would 
be required in many different countries and would be extremely costly to 
Organize and operate in view of the close inter-governmental cooperation 
needed and the current rate of destruction of many habitats. Distinct 
strategies and decisions must be made on what will be preserved. Management 
even in ecological preserves must occur, consisting minimally of adequate 
Security measures and observation of materials. Although evolution could 
continue in ecological preserves (assuming population size and gene 
frequencies = adequate) (38), possibilities of loss through disease and 
natural disasters are not eliminated. No country could preserve all species 
maintained within its borders and, thus, political problems of sharing 
germplasm could arise. 

Forest resources currently are maintained similar to ecological 
preserves, ut are usually managed to a considerable extent. Again sites are 
Prime, often needed for other purposes, and hence are rapidly being lost. 

Many valuable tree species have been lost due to excessive harvesting (83). 
The botanical garden concept for herbaceous and woody species could 
preserve selected species in vegetative form, but, even here, the numbers that 

could be stored are few relative to the numbers required to maintain species 
diversity. Organization among botanical gardens could allow ree of labor 
Such that more total species could be stored and overlap minimized. The 
Center = Plant Conservation, headquartered at Arnold Arboretum, Harvard 
University, is an effort in this direction (34). Cold or ervicanie stcrage of 


Seed obtained from collecting expeditions might be the most feasible way for 
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germplasm preservation even at a botanical garden. Arboreta face similar 
problems in their attempts at preserving tree and shrub germplasm. Both 
botanical gardens and arboreta have high maintenance costs, problems with 
disease and pests and with growing materials outside of their environment, and 
priorities in materials displayed to their constituents (77). Botanical 
gardens and arboreta usually do not distribute large amounts of materials. 

Orchards and other clonal stores are still more managed than forests and 
are commonly used, especially if the numbers of individuals are small. Again, 
disease and pest damage are real threats and not all genotypes thrive in a 

given environment. Thus, multiple sites are needed along with plantings of | 
several individuals of a given clone. Better inter- and intrz-governmental 
management is needed to avoid thes’ Many in-vivo collections especially of 
fruit and nut, and ornamental species, have been maintained by individuals at 
federal, university, or industrial facilities and upon retirement, d2ath or 
project change these materials we-e lost. Fer example, the recent closing of 
a plant introduction station resulted in loss of several clonal germplasm 
accessions (42). Similar losses also occur for seed materials. Tncredged: 
awareness of these potential germplasm sources and plans for germplasm 
retrieval and inclusion in base storage must occur before loss, without regard 
to current economic value. 
2. In-vitro maintenance 

Experience with this relatively new technology is limited; thus, time 
and cost analyses are lacking. An international database on in-vitro 
conservation has been established to improve information tlow among workers 
with common interests (113). Combinations of in-vivo and in-vitro maintenance 
are being used in the J.S. Clonal Germplasm Repositories for fruit and nut 


crops and should produce cost effectiveness and acceptability information. 
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Development and implementation is restricted ty inadequate information on 
optimal storage conditions, on application to diverse genotypes and species, 
and on genotype stability. The advantages of microculture are increased 
safeguards in maintaining a disease-free state, more rapid multiplication 
rates, ease of rooting (especially for woody materials), less maintenance 
requirements, possibly less labor input, and ease of germplasm exchange and 
shipment both within and among countries (56,115). Potential problems include 
establishment procedures, which are oftem cultivar specific; explants from 
mature woody plants are difficult to establish in culture in contrast to that 
from juvenile plants; dormant periods are sometimes required; diverse 
genotypes may not survive in the same physical and chemical environment; 
uncertainty of occurrence of somaclonal variation, even from tip culture; and 
storage of all materials in one location (28,56,115). 

Until acceptability is gained, usually through experience over time, 
in-vitro storage is now best utilized as an adjunct to in-vivo storage. The 
technique has not been used enough to provide answers to questions of extent 
of duplicate samples, duplicate locations, and handling needs. Laboratory, 
growth, and transfer facilities are moderately expensive and must function as 
specified. Adequate identifiers of each line (e.g., electrophoretic profiles) 
must be established and lines periodically examined to avoid identification 
errors. 

Many developed and eve toute count cree are exploring in-vitro storage 
technology for clonal lines (e.g., potatoes, strawberries), and have relied 
upon the international centers and IBPGR for guidance and for information 
Bichistive to more directly apply in-vitro culture to genetic conservation 
(60,99). Sharing of sound technology to preserve germplasm does not appear to 


be constrained by social, institutional, or political barriers. Sharing of 
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germplasm itself amongst couatries may be potentially political, and exchange 


of in-vitro materials could be affected. 


3. Cold temperature storage 

Cold storage is used throughout the world for germplasm preservation of 
seed. Storage units must be adequately designed to operate continuously and 
efficiently at the required temperatures. Modern mechanical refrigerat:on 
Systems are reliable and recommendations exist for protocols, cold room 
design, and emergency procedures (26). Modifying older units may present 
problems. Experience at the NSSL has shown that maintaining -20°C with 
mechanical chambers originally designed to operate at 4°C is often difficult 
and not always reliable. Although large walk-in chambers are usually desired, 
de>; treeze chests are adequate for small collections (29). Refrigeration in’. 
tropical areas poses problems because of high temperatures and humidities. 

The major consideration is what temperature should be used. Curreni 
data on seed longevities at low temperatures are Preneeierene and innovitive 
research is needed to determine longevity/temperature reiationships for 
different germplasm. Lowering of the storage temperature to approximately 
-20°C should greatly increase longevity, thus making costly penenaraci en 
cycles less frequent. 

Although between 3000-12000 seeds are recommended for long term storage 
of an accession, many accessions in base collections are considerably smaller, 
often inadequate to maintain divecsity. Seed handling, packaging, germination 


testing, and shipping have been evaluated and somewhat standardized. Seed 


germination testing, itself, is costly in terms of manpower and in sacrificing 


valuable seeds for the viability estimate. Viability testing could be less 
frequent if storage is at lower temperatures, but data are needed for many 


species on exactly what viability testing schedule is desired. Viability 
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tests using fewer seeds have*bean proposed but unfortunately are not widely 
utilized (30,31). Statistically based improvements in this area are known and 
should he developed and incorporated. Records of germination data for 
accessions must be orderly maintained for examination and interpretation by 
trained personnel. Often they are not readily available. 

The recommendation from the IBPGR for retaining maximum diversity within 
an accession is to regenerate seed whenever germination drops.about 15% below 
what was initially present before storage (26). The previous recommendation 
had been 5-i0% below initial levels (53). Practical considerations of 
available labor, space, and time, however, ofteu delay regeneration until 
viability has dropped 20 to 50%, or even much more from the Sriginal: For 
example, seed maintained accessions of potato held at IR-1 Potato Introduction 
Project are not regenerated until germination has dedeped to below 50% of the 
original. Although this may not lead to loss of diversity in highly 
homozygous/uniform accessions, a highly heterozygous and heterogeneous 
accession will probably experience loss of genetic information. Loss of 
viability during storage is associated with mutational events, notably 
accumulation of chromosome damage and perhaps point mutations. Cells with 
chromosome change are usually selected against during growth of the seedling 
(diplontic selection), but point mutations may be passed to succeeding 
generations (90,91,95). Thus, genetic changes do occur during storage. Thus, 
regeneration phases should be done more timely. 

Intertwined within the question of tolerable percent drop in viability 
before regeneration is the question of how many individuals are used to 
produce the next generation of seed (82). Minimizing regeneration cycles by 
using lower temperatures should reduce the rate of genetic drift in the 


population. The proposal to regenerate an accession whenever germination 
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drops ebout 15% (as opposed to the more practical, 20-50% decrease), tends to 
increase the frequency of regeneration and associated costs (95,96,97). The 
balance between loss in diversity from delaying regeneration cycles and hence 
using seed samples with lower viability, and the loss due to genetic drift 
occurring from more frequent regeneration cycles if the 15% viability decrease 
is adopted is not easy to evaluate unless adequate characterization of 
diversity is available. Genetic drift problems could be reduced if larger 

. humbers were Groen out for regeneration, but practical considerations (e.g., 
space, manpower) usually limit the number of individuals used. Population 
genetics along with knowledge of rare allele frequencies are necessary for 
estimates of necessary numbers. . 

4, Cryogenic storage 

At present cryogenic storage of seed requires both research 
(recalcitrant seed; large seeds) and development (orthodox seed). Where an 
adequate source of cryogen is available, cost estimates suggest that cryogenic 
seed storage is competitive with low temperature (-20°C) storage (106). A 
fumber of assumptions are made in these calculations, but if costs associated 
with regeneration cycles and germination testing are included, cryogenic 
storage appears less costly. 

There are few procedural guidelines for routine storage in liquid 
nitrogen. Sample sizes should be similar to that used in cold temperature 
storage; however, seed size would affect numbers stored. Sample holders need 
to be evaluated. There are no guidelines for numbers of shoot-tips required 
for cryopreservation. LN refrigerators (where samples are stored) are 
Bedard units used in semen and microbial/animal cell storage system and 


should be useful for plant seed, pollen, and bud storage. 
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Cooling of orthodox seed and orthodox pollen requires no special : ame 
equipment. Seed is merely placed into the LN storage refrigerator. Cooling 
of buds and shoot-tips, and perhaps recalcitrant seed, requires careful | 
control and suitable equipment is availiable (54,115). _) 

Effectiveness rests upon preservation of genetic diversity. Under 
conventional seed storage, regeneration is more frequent and some loss of 
diversity is likely. Maintenance of genetic diversity with cryogenic storage 
would appear to be more reliable, but needs confirming data. 7 ee. 

Cryogenic storage of buds and shoot-tips for clonal lines requires Bae tes 
considerable research before developmental studies are initiated. Few 
laboratories, however, 2re engaged in such work (117). A major scientific 
restraint is the genetic stability of regenerated plants. Virtually no 
information is available for either herbaceous or woody lines. As far as we 
are aware, no institute or program has routinely stored clonal germplasm under 
cryogenic conditions. Thus, no consensus or information on replicates, 
collection duplication, retrieval systems, distribution, etc. are available. 

Equipment for controlled cooling to LN is more expensive than that used for 
cooling seed and must be reliable. A source of cryogen must be available. 

The genetic stability of materials exposed to cryogenic protocols has 
been questioned on two issues. The first is whether extremely long-term 
storage exposes samples to background levels of irradiation that over time 
could produce genetic change or lethality since DNA repair processes are not 
functioning at low temperatures (73). The second is pertinent to hydrated 
‘materials which are processed with cryoprotectants, i.e., whether the 
cryogenic protocol itself is mutagenic (20). 

There are few data in higher plant systems for either issue. 


Projections from animal cells exposed to high levels of radiation while 
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cryogenically stored suggest that lethality would occur only after several 
thousand years with background radiation levels (10,73). Clearly storage is 
not indefinite at low temperatures, but the results Suggest a few centuries of 
storage may be a realistic period. 

Microbes are the system of choice for examining mutagenesis of cryogenic 
protocols but no clear answer exists. A related process, freeze-drying, is 
mutagenic, but this is usually attributed to events during the drying phase 
and not cooling and thawing per se (7,108). Other studies Suggest that DNA is 
damaged during cryogenic exposure (ZU). Notably, the use of some 
Cryoprotectants allowed higher amounts of survival, and in these cases less 
DNA damage is observed. There are no comparable studies with cells or tissues 
from higher organisms; such information is needed. 

The opinion, therefore, of most cryobiologists e that cryogenic storage 
is a safe proposition for retaining viability for many years. Cryogenic 
Storage has been pragmatically used for microbes and for animal cultures, 
semen and embryos although the storage times required are usually only months 
to a few years (8). The American Type Culture Collection is now storing plant 
callus from diverse species in LN (5). The major problem for all hydrated 
tissues is in devising methods to cool tissues to these temperatures, retrieve 
and regrow them without greatly decreasing survival (68,118). As a contrast, 
dry, orthodox seeds easily survive low temperature exposure, but for both 
hydrated tissues and seeds, genetic stability with time must be demonstrated. 
A persistent problem in the cryogenic storage of in-vitro cultures is the 
rn snce of organization and induction of regeneration without (or with 


minimal) callusing or adventitious development. 


nN tr a NN a tN POLE Tht ie tN a 


A 


Mi cgi porte EE wy Coe oe es a 
“ i ve) aa ih 7 wie x iu ~ 
" woe é f ; : . a 
€ Stal So ee tinue hctatip an in tagemeralannega ope woo! 
— rms — ¢——— (a Cer =e 68 age! 
 - = te ~~ tt Ve ae 


‘ Ze - 


as 
a 


oo 4WI30 biwew 432 fadsel jan? Janggue 1 


oet3on8 ek .(0T, 0t) akevel soksatbas bavexgined aah 2 
. 7 , = oe ha? bes . + 
: si wit « seeggee olives: aes sud _yesruzesequad vol, Be 
- . c : 2 **. o & e ; - 
sbokaeq aitetless. 3 
- ' ae ‘ ‘ ‘ies «o Whe 
jeceesndim gointesss 702 soto ie essete. age" one P 
: ae b es : ojalS3 A atciks — sald 
t gaiigb 272% 2 betudss 3! fe Vi awe ar antag 
n » aA J0 (S0T,47 ? yotwasl ‘ba ic 
idavor {US} s2peogEs sae 
; ‘> q y , bike. * r phe Bt . 
) feviviue 76 atnvome verlgid bowolls aaa 
b Pei 7 e000 ¢ 4 4 3eAaT bavas 4 rs 
= . a . s ae e 
een 2) aoitessotal doos 7eeere e19 | 
= G = ~ oy 7 . , ~ 4 17 
« L L - x a =a 
| atojesfoidewxs Seem ¥o ,sxebexsa? , oars 
. PMs ¢ ‘ . a - 3% ; = 
7 J 
[id igletet, 2% noljiad 
- | ° : ¢: Bs 22% ‘o. 
ro) inte 50 i= } bs? ui aks omar % 
7 | | | aeien Asis, £0 eT 
" it } | 53G i t vd. >, 
6 he ere : i ‘a ‘ ns 3 3 na . "a 
j PE “gl cerrveah eft 8) mu 
i Se sarem sill (2?) KL ai eskoeqe Severin 
“ n ‘ 5 te 2 / . 5 a 
* x w fn a 
y ;  agedt Ghaeueets Loos of shodaem gnizivan, 
. A ; Hivada Baliecrosb ylieexg tuodsiw eae 
; = ae eecarg oe ae 7? 
Ts yaoges saudeTsgwed Vol sVvivaue vilzes shes & 


. 4 ‘) 
‘ * : “—* . : ee 
: @ 


ei3 diiw witiidase >idgaog ,adese bao tem 


te vo eubiweal lo ogayode otaagayaa a2 as nol don 


7 ’ = Fa 


4) 

i mat 

sneomotevad euoit) inevbe 10 Bales 
” - : a i 


. rs A ‘ 4 a 
° ? be ae 


all ree 


Lrayarneeet 26 nol soubat hak pos esineg3e 36 


ee 


training is readily available for most hardware/software systems. Personnel 


insure preservation. 


5. Training 


The storage and regeneration phases of germplasm preservation require | je 
Suitably trained personnel for most positions. Implementation of preservation 
technologies in developed countries is not limited by training at the 


technical or clerical levels. Record keeping is largely computerized and 


for field grow out for regeneration require basic knowledge of agronomy and 
horticulture, again usually readily available. Laboratory procedures differ 
considerably and specific technical training is necessary, and is often 
learned on the job. Seed technology, biochemical, and in vitro culture 
methods and techniques are demanding and several mechanisms serve to train the 
necessary personnel. Short courses are often available threugh industries and ; 
universities. For example, plant cell culture short courses are offered 
through the University of Tennessee and The Catholic University. Mississippi 
State, Iowa State and Oregon State Universities, among others, have courses in 
seed technology. Cold and cryogenic storage techniques for seed do not 
involve any difficult procedures and, as such, personnel can be trained on the 
job. Cryogenic storage of in vivo and in vitro buds is more demanding but 
training still usually occurs on the job. 
Training at the technical level is with regard to methods and 
procedures, and is usually not directed toward germplasm preservation. Thus, 
job supervisors must relate methods and procedures to the tasks necessary to 
ai 
The critical issue necessary for successful preservation is adequate 
training of genebank managers in all aspects of germplasm management. 
Training minimally consists of knowledge of crop biology, population biology, 


seed biology, storage technolcgy, and equipment operation. Personnel should 
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periodically be informed of new developments, ideas, and trends. Application 
of this knowledge to ppecif is crops of concern is essential. Direct cohesive 
training mechanisms are lacking in the U.S. and minimal in other countries 
(55,58,59), although a number of universities offer courses on necessary 
subjects. The IBPGR considers lack of training in developing countries to be 
a major drawback to improving genetic conservation worldwide (59), and has . 
helped support several courses of varying lengths on diverse topics 
-(55,58,59). Preservation at geuebanks worldwide is constrained by the 
observation "that many curators do not pay sufficient attention to management 
of the germplasm under their responsibility" and often "do not systematically 
keep accurate records, rejuvenate seed, verify collected material, nor 
regularly multiply and distribute collected material" (57). Clearly lack of 
dedication compounded by insufficient training can contribute to such 


problems. | 
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The preceding emphasized the applications and evaluation of storage 
technologies for maintenance of genetic diversity within crop and wild 
Species. Certain conclusions become evident. 

A. Seed-Maintained Germplasm 

1. Cold storage increases longevity in orthodox seed. Cryogenic | 
storage should further increase longevity and should be evaluated for base 
seed collections. Seed used to regenerate active collections should be stored ts 
at temperatures lower than 5°C to maintain diversity. Regeneration schemes 
need to be critically evaluated to ensure adequate numbers are used. 

7+ The potential for new crop development is great and strategies for 
collection of genetic diversity of wild species must be assessed. Storage of 
many wild species could be as seed under cold eee If the seed are 


orthodox, cryogenic storage could provide minimal maintenance until 


evaluations and use dictates an active collection. However additional 


research for cyrogenic storage is needed. ies 
3. Many species with recalcitrant seed are vegetatively maintained 
because of seed storability problems. Research is needed in the basic . 
physiology and biochemistry of recalcitrant seed. In-vitro storage is an 
effective supplemental system to maintain active collections and could also be 
utilized for a base collection of recalcitrant seed species. 
4. Characterization and evaluation of seed germplasm; not limited to ei 


agronomic characteristics, are necessary before the effectiveness of storage 


~> 


and regeneration techniques can be evaluated. 
B. Vegetatively-Maintained Germplasm 
1. Germplasm is maintained vegetatively if discrete clones are required 


and/or if the time to reach reproductive capacity is very long (several 
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years). Certain other easke for clonal preservation occur, such as sterility 
in a desired line. Fiatarpteservatich is common and for some materials is now 
combined with the use of in-vitro preservation. 

2. Many aspects of clonal preservation wave not been as well studied as 
seed preservation. Much research is needed for topics relating to grafting, 
floral imduction, juvenile-mature transitions and control, genotypic 
stabilitv, rooting ability, and hardiness, and how these physiological traits 
affect preservation strategies. 

3. In-vitro preservation is a useful technology which needs research 
and development for application to clonal germplasm. 

4. Cryogenic storage of shoot-tip and axillary buds from in-vivo and/or 
in-vitro plants has potential for long-term, base collection storage, but 
considerable research is- needed before any development or implementation 
phase. 

5. The concept of a base collection is not well developed for clonal 
materials. Seed and pollen populations together could be used for base 
collection storage of certain materials. 

6. Characterization and evaluation of materials are needed to assess 
effectiveness of in-vivo, in-vitro, and cryogenic storage on maintaining 


genetic stability and genetic diversity in clonal lines. 
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IV. Objectives and Actions to Accomplish Objectives 
The preceding conclusions emphasize that much remains to be done in 

improving germplasm preservation. To address this, we have identified three 
broad objectives along with positive actions to strengthen the totai system. 
Three previous reports have made key observations and recommendations 
(41,42,79). Some have been implemented. Development of GRIN has improved 
information flow. Evaluation of germplasm for useful crop characteristics has 
received increased funding. Germplasm enhancement strategies are being 
initiated to make wild germplasm more useful to a breeder. Funds for a new 
NSSL are being considered and an ARS germplasm preservation research group has 
been established. However all aspects of current routine and research 
operations need to be critically assessed. The following 3 objectives are 
needed to improve germplasm preservation. 

A. IMPROVE OVERALL PLANT GERMPLASM SYSTEM 

The National Plant Germplasm System has evolved into a loosely 

coordinated network of activities of Federal, State, and Industry research 
units, of universities, and other organizations working together to introduce, 
catalog, evaluate, maintain, and distribute plant germplasm. The sum total of 
the collective efforts is to save and protect genetic materials of all plants 
of interest for future crop improvement, research, and other uses. The recent 
feival of interest in germplasm is credited to the 1970 corn leaf blight 
attack that caused a 15 percent loss in the U.S. corn crop. Interest 
continues to grow in all sectors of society for the preservation of germplasm, 
particularly of food crops. 


1. Organize all plant germplasm activities within 
federal, state, and private sectors into the NPGS 


The NPGS is a network of federal, state, and industrial organizations 


which has functioned well for food Crops. ‘ARS is the key agency in supplying 
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leadership. Forest genetic Perourcee and many wild species are not covered 
within this framework, instead being governed by the U.S. Forest Service and 
U.S. Fish and Wildlife Service respectively. Botanical gardens, arboreta, and 
other state units not presently included in the NPGS should be invited to 


Participate. Storage problems and technologies are similar for all. A more 


asec -w tii bn RR NARS AE RAED Si AE AT RE 


coordinated system could facilitate cooperative research, utilize common- 
facilities, avoid duplicated efforts, and enhance communication among the 
people necessary for successful preservation. Adequate administrative 


structure will be required to lead and coordinate diverse interests to 


accomplish established goals and objectives. 


2. Ensure better comnunication among all germplasm 


collections by sponsoring periodical meetinzs 


and distributing informative newsletters 

The complexity and diversity of issues within an expanded NPGS, advances 
in rcsearch and development, and effective management require information to 
be rapidly shared among units. The IBPGR has been effective in their overall 
mission, in part, because of effective communication. The NPGS lacks this. 
We encourage meetings as held in Ames, Iowa in June 1983 to be a regular 
mechanism for information exchange as well as the frequent publication of 
newsletters. (e.g., DIVERSITY and more informal equivalents). Better 
interactions with international groups and information about international 
activities are also needed. Better communication will enhance preservation by 
informing personnel of technological advances and allowing time for effective 


implementation. 


3. Involve all components of the expanded NPGS in GRIN 
The establishement of GRIN and CAC's improved various aspects of 


Lermplasm handling, collection, and evaluation. The system should be extended 


to allow all germplasm units, including the Forest Service, Fish and Wildlife 
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Service, botanic gardens and arboreta, state collections, industrial 


collections, to enter collection, evaluation, and cataloguing data. This will 
aid many users, especially of wild species and minor crops, in locating 
‘materials and in developing and implementing strategies for collection 
missions, evaluation, and preservation. 


4. Develop closer cooperation with the IBPGR and 
Other national and international programs 


IBPGR is intimately involved in recommending, evaluating, and 
implementing preservation technologies. Their experience should be drawn upon z 
for expanded efforts within the U.S. Closer cooperation among world genebanks 
and research groups definitely would aid preservation technologies. 
B. IMPROVE .GERMPLASM MANAGEMENT PROCEDURES 


In the past 10 years significant new information on germplasm 


aa’ 


maintenance, collection and evaluation has been developed, in part due to the 
activities of the NPGS and IBPGR who have focussed on the Snide apna 
of the system. It is now time to examine the present day-to-day operations, 
develop more stringent guidelines, and implement new knowledge to improve upon 


current procedures. The following are necessary: 


1, Appoint a task force to examine existing procedures 
for storage and regeneration of plant germplasm 


There have been few safeguards against loss of genetic diversity. No 
studies have systematically addressed problems of inadequate cataloguing 
procedures and records, inadequate wereneraticn procedures, inadequate drying, 
storage, or viability testing conditions, and of irsproper management. fost 
personnel are dedicated but many factors are often beyond control, yielding 
expedient actions which can erode diversity. A task force from all units of 
government, industry, and the international community must critically assess 


how day-to-day procedures affect preservation. Data on viability in storage 
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of all collections should be pooled, made available, and evaluated. Suggested 
_ Standard operating procedures should be recommended. When all procedures have 
been evaluated and improvements made, crop advisor committees (CAC) and 
regional technical committees could have responsibility for critically 
monitoring performance in a periodic fashicn. CACs function for a given crop 
to evaluate national and international developments and provide overviews for 
future issues, particularly in breeding and genetics (78). Although they are 
concerned with germplasm issues (adequacy, evaluation, exploration), they dea 
not now monitor performance of many routine factors necessary for 
preservation. 

2. Establish strong guidelines for base collections 

of seed and establish base collections for clonal 

and other materials not presently having both 

active and base collections 

The NSSL is the major U.S. genebank ce base collections and a number of 
issues must be addressed by actions and funding. For Aerie additional 
Storage space is needed (and is currently being examined). Not all active 
collections are represented in the base collection, especially for 
non-agricultural crops. Sample size in storage for many lines must be 
increased for adequate preservation. 

The base collection concept for seed maintained crops is very useful and 
should be developed to a greater extent for clonal lines. Policy statements 
are needed. Storage nf alternative propagules should be considered. The 
establishment of a base collection at a second site should also be considered 
to further insure preservation of diversity. 


3. Develop effective training programs for key 
personnel | within ge-mplasm collections 


Each technology requires trained, dedicated people to operate the 


facility and ensure that germplasm is maintained. The curator has the key 
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role of implementing actions in operation and management, and in recognizing 
and effectively dealing with problems. Effective training is necessary to 
perform these functions. New technologies and research findings must be 
conveyed to personnel such that they can be part of evaluation and 


preservation strategies. 


4. Increase and broaden effort on germplasm 


characterization and evaluation 

The effectiveness of technologies in preserving genetic diversity can 
only be critically assessed after detailed characterization and evaluation of 
accessions are performed. Maintenance of viability is no assurance that 
diversity has been preserved. The evaluations necessary are complex and must 


utilize techniqves and methods from basic research. 


5. Develop collecting strategies which’allow 
sampling of all desired species 


The best storage technologies can only preserve what has been collected. 
Emphasis on the collection of germplasm is desirable, but priorities must be 
established to use limited funds. Coordination with IBPGR is necessary to 
| avoid duplicate collecting missions, to minimize omissions, and to share 
collections. 


C. IMPROVE AND EXPAND BASIC RESEARCH ON 
LANT GERMPLASM PRESERVATION 


As summarized above there are many questions which need answers and 
these can and should be researched. Effective collection, maintenance, 
evaluation, enhancement, and preservation technologies are all dependent on a 
sound program of research. Future success in maintaining and utilizing our 
vanishing genetic resources will hinge upon the support given to research. A 
broader spectrum of research activities 1s needed to obtain the answers to 
these questions and achieve our national goals in the area cf germplasm 


resources. 
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1. Develop theories and Strategies for intermediate and 
long-term preservation of all plant germplasm 


a. Determine causes of loss of viability and genetic diversity in 
seeds, pollen, and vegetative propagules. 

b. Develop cryopreservation techniques and determine effects on 
physiology and genetics of plant germplasm. 

c. Develop in-vitro short- and medium-term preservation techniques for 
clonal materials. 

d. Investigate alternative strategies for germplasm preservation, such 
“as utilizing isolated RNA and DNA. 

In the past germplasm storage Beeuee sentially referred to seed storage 
and more specifically to orthodox seed storage. It is becoming increasingly 
apparent that new techniques for storage of non-traditional forms of germplasm 
such as recalcitrant seeds, pollen, apical and axillary meristems, cell 
cultures, etc. are needed. Although cryogenic storage has been used for 
several years in the animal kingdom, it is only recently being investigated 
for plant germplasm preservation. In-vitro storage methods need to be 
developed for the diverse array of clonal materials. Basic knowledge is 
needed on the mechanism of cell deterioration and its avoidance or repair in 
order to ensure maintenance of the genetic integrity of our plant germplasm. 

Alternatively, new methods for storage of naked DNA and RNA and possible 
recovery of DNA from dead cells could lead to a whole new concept in germplasm 
preservation. Caution must be exercised here such that limited funds are not 
' disproportionately channeled into this high-technology area. Genetic 
preservation is the key issue and existing technologies with their proven 
value and importance must receive adequate funds before more speculative 


approaches are heavily funded. Considerable discussion on the projected value 
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of these isolated gene techniques for germplasm preservation must precede 
funding. 

This research should occur at a number of locations dependent on the 
Crops of interest in a geographical area and on the skills and expertise 
available. Although interactions are encouraged, storage stcategies would 


benefit from diverse alternative approaches. 


2. Develop biochemical, genetic, and physiological 


: techniques for characterizing and evaluating plant 


germplasm at the gene, genome, and population levels 


Germplasm preservation implies the maintenance of genetic integrity of 
the plant material. However, in most cases germplasm preservation is 
monitored solely by means of a viability test. Methods for evaluation of the 
genetic integrity of germplasm and its response to different irae regimes 
will ensure the availability of the full range of genetic Variation for a 


given species. 


3. Investigate genetic, cytogenetic, population 


genetic relationships between wild 
species and domestic relatives 


In order to fully understand the range of diversity for a given species 
more information is needed on such factors as chromosome number and behavior, 
degree of relatedness among species, crossability, incompatibility factors and 


geographical distribution. In many cases wild relatives of domestic species 


have not been studied for factors as basic as germination and response to 


storage. 


All the above actions require a coordinated system. The federal 
government has largely been responsible for organization and support of 


germplasm efforts. Continued ted--cal leadership 1s necessary because of the 
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national importance of germplasm, the international interactions required for 
collecting and operation of world genebanks, and the close coordination among 
federal, state, and private units. The actions themselves can be performed by 
the Federal, state, and/or private units. The planning of cooperative 
programs will utilize people from each level. Cooperative efforts have been 
very productive in the past and should function well here if a sound plan is 
formulated by the leaders. "Networking" has been successful in various 
national and international agricultural issues and the principles could be 
applied here to coordinate the diverse national groups to solve the common 
issues. The consequences of taking actions would be to have a dynamic system 
providing better preservation through examining and evaluating new methods and 
by constantly monitoring performance of the component groups. 

The NPGS concept is vital to preservation because of policy 
developments, coordination, and funding support. Some of the weaknesses in 
the NPCS (41,42,79) have been corrected but others remain. The crucial issue 
is to develop strong leadership and define mechanisms for implementin> 
recommendations from task forces. State and private institutions will always 
be autonomous, but they must be willing to support procedural recommendations 
| for improvement of the NPGS if they are to be effective members. Funding 


support from the federal sector should facilitate this. 
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V. Mechanisms to Encourage Action on Objectives | 
; 


\ 


A. Germplasm Preservation Act 
Because the whole issue of germplasm is larger than just agriculture i 
and, in fact, involves several cabinet departments, Congress may wish to | 
establish a bureau, commission, agency, etc., (for example similar to NASA), | 
to oversee all aspects of germplasm collection, preservation and utilization. 
Alternatively this structure could be as an interagency unit headquartered 
within ARS, providing appropriate concerns for all germplasm issues are 
addressed. Discussions would decide the best structure. The major point is 
that coordination and action are facilitated and given importance. ‘This new 
structure could include animal as well as plant germplasm. An act similar to 
the Endangered Species Act may serve as a focal point and could stimulate both 
public and private entities towards increased awareness and actions of the 
importance of germplasm in maintaining our world leadership in agriculture, 
forestry, and related areas. 
B. Increased Financial Support 
1. Existing programs 
There is a critical need for additional funding for all aspects of the 
germplasm program. This funding is necessary for the application and 
upgrading ot preservation technologies to existing active and base 
collections, and for stimulating new directions iu research on germplasm 
problems. The NSSL, regional plant introduction stations, and the newly 
established clonal repositories need additional staffing and financial support 
to adequately preserve genetic diversity. 
2. Competitive grants for germplasm 
In order to broaden research efforts and bring in additional scientific 


expertise from other sectors, funding should be provided for competitive 
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grants in the area of germplasm resources. These grants could be 
admininstered through the existing USDA competitive grants program or through 
the agency described above, and should support researci: related to germplasm 


collection, evaluation, maintenance, and utilization for both plants and 


animals. 
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APPENDIX 4. MAJOR CROP GROUPINGS 


» " 
setae Nie ite R Be tte 


1. Cereals and grain legumes 


Cereals and grain legumes are our most important staple food crops and 


haces lesachrepoancesseerdiasaeaiomnieehoapeenessesamatpeaaeaaeaaed 


considerable effort is expended on improvement strategies (54,55,58,59,/72). 
This has led to extensive collections of cultivars and land races (86). | 
Germplasm is stored as seed at cold temperatures. Cereals are the crops best 

evaluated for known agronomic traits, but evaluation is variable and usually 

minimal among different peers one The extent of duplication within a 


collection is usually unknown; duplication among different collections is 


sometimes extensive. 


2. Forages: legumes and grasses 


Many different species are utilized as forages in different parts of the 
world, and many countries now have working and base collections (27). Most 
are stored as seed, but some forage grasses are maintained as clones. 
Evaluation among the many collections world-wide is minimal, but where done, 
is usually for agronomic characters of advanced lines. 

3. Vegetable crops 

This category comprises diverse species, including leafy vegetables 
(e.g., lettuce, endive), some legumes, cole crops, herbs, Solanaceous crops 
(tomatoes, peppers), cucurbits (squash, cucumbers), beets, onions, and celery. 
Most germplasm is stored as seed. Some materials are stored as vegetative 
plants (i.e., French tarragon, garlic) because of sterility barriers. These 

- plants are maintained in greenhouses or fields and are divided for 
propagation. World-wide a number of genebanks occur and more are being 
designated (58,59,110). Less effort has been expended collecting these 
resources compared to cereals/legumes. Collections among Sy aoietits varies 


considerably. 
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4. Tree Crops: forest and timber 


Natural wild stands are utilized and managed, but in many areas single - 


species stands of superior types are grcwn. Within natural stands, 
considerable diversity exists for tree improvement (107). Tree breeding, 
however, requires long periods of time before line evaluation. Vegetative 
multiplication of desired individuals is sometimes feasible, but many stands 
are generated from seeds. 

Seeds from many of these species 2re orthodox and can otare easily; 
however, when an active collection is depleted of seed, regeneration is very 
difficult because of the long time required to grow a seed to the mature, 
flowering plant. Sceds from some species are recalcitrant (22). Seeds may 
serve as a suitable base collection for species with oithodox seed but often 
vegetative plants are both the base and active collections. Recalcitrant 
species seed stored with currently available methods cannot serve as a base 
collection. Vegetative plant maintenance is, thus, used for preservation but 
more satisfactory strategies are necessary. Long-term preservation could 
utilize combinations of pollen, seed, and vegetative materials, the 
longevities of which theoretically could be lengthened by low temperature 
treatments. Preservation efforts require research on understanding and 
manipulating juvenile-mature phase transitions. 

5. Root and tuber crops 

This group contains species whose germplasm is maintained as seed alone 
(e.g., Carrots, sugarbeet), and as both clones and seed (e.g., potato, sweet 
potato, yams, cassava). Seed is usually stored between 5°C and -20°C. Clonal 
lines usually are grown out each year. Tubers and roots can be stored about ] 
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In-vitro techniques for virus-tested plantlets derived from meristem- 


tips and buds of clonal lines are developing rapidly for potato (75), sweet 
potato (51), yams (3), and cassava (94). Potato and cassava in-vitro plantlet 
storage at low temperatures and under minimal-medium conditions is being 
investigated at the International Potato Center (CIP), the U.S. Inter-regional 
Potato Introduction Project RiR=1); and Centro Internacional de Agricultura 
‘Tropical (CIAT). 

6. Temperate fruits and nuts 

Stone fruit and nuts (peaches, plums, cherries, almonds), pome fruit 
(apples, pears), brambles (raspberries, blackberries), and berry fruits 
(grapes, strawberries) are some common members in this category (119). 
Diversity from centers of origin has disappeared rapidly and has been 


inadequately collected (16). Vegetatively maintained lines are usually 


collected as vegetative cuttings, whereas seed propagated lines are collected 


as either seed or cuttings. Collections exist in many countries and usually 


consist of cultivars and rarely related wild species. Orchards (field 
genebanks) are the main storage system. Scions can be stored for several 
months at -1°C to -3°C (70). The establishment of the U.S. Germplasm 
Repositories for fruit and nut crops should allow better preservation as well 
as facilitate germplasm exchange among genebanks world-wide. 

In-vitro culture promises to be of value in propagating and storing 
fruit and nut germplasm in a disease-free state. Methods for in-vitro culture 


of many members have been established (24,71,102,120). Geneotypes are stable 
if shoot-tips are the initial explant and plant regerieration avoids a callus 


Stage and/or adventitious development. Current use supplements orchard 


maintenance, but in-vitro culture could form part of a base collection. 
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Pollen and seed storage are underutilized and should be considered for 
portions of both active and base collections (1). 

7. Tropical fruits and nuts 

Major tropical fruit species include avocado, banana, breadfruit, 
cashew, citrus, date, fig, mango, papaya, pineapple, and others less weil 
known in the U.S. The IBPGR has compiled current holdings of genebanks 
throughout the world (45). The numbers of accessions in each genebank varies 
considerably but most are stored as plants with cuttings, budwood, suckers, 
and/or seed being distributed. Budwood and seeds are held under cold storage. 
Where listed, often only a few individuals exist per accession. Few details 
exist on duplication of materials within and among collections. Compared to 
seed crops or vegetables, accessions for most tropical fruit are few in 
number. In-vitro storage is being examined but is currently supplemental to 
in-vivo storape. 

8. Ornamental species 

These diverse species can be divided into annual flowering plants, 
herbaceous perennials, and woody perennials. Collecting expeditions and 
establishment of genebanks have not been extensive, and many consist of 
efforts of informal groups of individuals interested in particular species. 
Germplasm of annual flowering species is maintained as seed under conventional 
storage conditions. World genebanks have not been designated although from 
some flower species seeds are rie base collections (e.g., NSSL) (13). 
Collections are usually maintained by individual university researchers 
interested in improvement, and perhaps more so by industry for their 
ae programs. Some cultivars after development are maintained 


clonally as vegetative plants and divided or multiplied in-vitro for 


§ 
? 
, 
i 


= 1s ENTE SP re ee 


‘oe 
Pacer a 


a 
om 


‘ 


Ov 


> 


‘ 2 ob s2no03 4 ® [ el .. bije nartitowahgl, 936. 4 


tr) emissellon oad tape 9) 21 
hon, ; : sino baa 273032. 
4 ° Fi . >. a z . n @ bs Ome ; : 7. pS bas 
5 us >e8 arena wea nhulsal 29i96qa stu? Isa tgess 


o hue iggasatg ,syageg ,0¢oem tes gob umes 


a Pay oe | ; = & 4% 
q : 5 . o Jn Lj DP i Gao? g2ac0 A9981 . séT. . “on vo 
spi coe to xyedmun ad’ .(22) biaews 43 
' : n : 
‘oofq aa bouode spe Jade JER 
a” 
io s+ bas Soowhull. .betudiasei> Be 1% 
: , ait — a ¥ 
| _ 
seepae freq Jerxs siqudrivilas W528 vino apite_ re 
’ : ? Pe one e ~~ : 
fi we Aldsiv tisis~en lo ogiseotigg 
/ > 
om 301 enorgesonas , e8iGesegev as 
: 6! Sa0L0505 Bod ci ogstoja OT2 
; -esiosqe Lh2noe 
anil a 3578 So9VE h oe 
’ » 
e979 eo ASS 6i 24. YOOOw UAE . tisians i 


p Lite suotxe naw tan oved adedoneg 70 


aubiv fund ' #) 2qvorg feo? ak 
. se 


’ 


a =. 
sc heniataiem @¢ wobveqs gatzewol} Javanese 


weed Jon ovad efoedeay, DicoW .. acertiae 


R | sunitoelies saad aLiziw S26 shea eotjaqe 2 
L (ihni yd booiaiases (lavad. o4g 


; ; suid .¥ re sic 2qetyeq bie plaamowos gmk mi 
2 . . ~ 7 . . - e it : - 
i} 
sie Joamaniaevst. yeite eyavhd bio qieae ms ze’ : 


= 3 — ‘ aie Heb Dy ub bas 2iedg yage — . - 
. - ; ; ; : i. 


¥ a 


distribution. Rapid, large number multiplication and rooting is presently the 
most economical and extensive use of in-vitro culture (52). 

Herbaceous and woody perennials are maintained clonally in botanical 
gardens and arboreta. Collections usually have only a few genotypes of each 
species. Information is Sparse on the genetic diversity available for a 
species, materials often being stored in distant locations. In-vitro culture 
would be very useful for supplementary preservation strategies. 

9. New crops 

Only about 100 of the some 350,000 known plant species are used as crops 
for food and fiber in the United States. World-wide about 300 species are 
used (88). Thus, over time there is good potential for developing new 
domestications for food and fiber as well as for chemical sources, energy 
sources, and medicinal compounds. Work evaluating species for potential use 
in several areas has been done by ARS-USDA. Jojoba for oil and amarantha for 
grain and vegetables are two illustrations of new crops slowly being developed 
in U.S. agriculture; other such as the winged bean and taro are being 
developed in the tropics (76). Considerable expansion of federal, erat onan 
industry support is needed if such materials are to be adequately researched 
and developed as new crops (25). If support occurs, preservation strategies 
of new materials must be examined. 

Collecting the genetic and species diversity for a new crop usually is 
not done until after some modicum of potential is recognized. Botanic gardens 
and arboreta have been involved for many years in the collecting and 
_ preserving of wild species (34). This effort is becoming better coordinated. 
Existing preservation technologies should allow adequate storage if questions 


such as seed germination and regeneration procedures are addressed. Some of 
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Warrants establishment of active collections. 
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Storage Technology Available 
Representative Propagule EET eT SET 
Germplasm Category Examples Stored In-Vitro Cool Temp. Cryogenic Base Active 
Wheat, Oats, 
Cereals & Grain Legumes Barley, Rice Seeds x} R?2 x X & 
Soybeans ; 
Alfalfa, Clover, Seeds xX R xX X 
Forage Legumes & Grasses Bromegrass, 
Orchardgrass Plants R x 
Tomato, Bean, Seeds xX R xX ».¢ 
Vegetable Crops Onion, Carrot, 
Lettuce Plants R R*3 4 
Tree Crops Pines, Firs Seeds > R Xx(?) 
Forest Timber Hardwoods 
Plants x Xx v 
Potato, Seeds x xX xX 4 
Root & Tuber Crops Sweet Potato, ~Q 
Yams Plants X,R R,R* 
Strawberry, 
Temperate Fruit & Nuts Peach, Apple, Seeds X R X(7) x 
Raspberry, 
Grapes Plants X,R R,R* 
Avocado, Banana, Seeds X R ws e Xx 
Tropical Fruit & Nuts Citrus, Date; i 
Papaya Plants R R* X 
Carnation, Seeds xX R x X 
Ornamental Species Zinnia, Lilac, 
Rhododendron Plants »¢ xX 
Jojoba, Seeds x R xX xX 
New Crops Amaranth, ; 
Chemurgic Plants Plants X 4 
1X: currently in use 
*R: under research and development phase 
*Re: vader research and development using buda/shoot-tips from inevitro planta 
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Figure 1: Factors which can affect population composition of a germplasm 


; accession. The category "other”™ could include, but is not limited 


to, disease epidemics, insect attacks, and adverse weather 
conditions. 
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AIL 
ABSTRACT 


A variety of techniques and methodologies have been and are being used 
to characterize and evalu ate plant germplasm. In the past, priuary che 
phasis has been placed on morphological or otuer traditioml agrommic 
characters for these purposes. During the past twenty-five years son 
siderable technological advances have been made that can be used to rapidly 
and efficiently screen large numbers of individuals for particular 
characteristics. However, in most cases the application of the available 
technology to germplasm evaluation has lagged behind its developerct and 
application in other fields, Thus, the technology which could pemait 
significant improvements in germplasm evaluation already exists. What is 
currently required is the encouragement to apply this techmlogy to 
germplasm evaluation, 


At present, evaluation of genetic diversity in plant mllections 
consists of a visual observation of selected morphological and agrenosic 
characters during grow-outs or seed increases at primary storage centers, 
such.as the Regional Plant Introduction Stations, This primary streen is 
usually followed in major crops by more intense studies, at specialized 
laboratories, of certain physiological and biochemical traits. Although 
the new methodologies can not replace the information obtained during the 
primary evaluation, it appears that seversl technologies could be applied 
during this initial evaluation in order to obtain a much better characte 
terization of the genetic diversity present within and among accessions, 


For instance, salinity tolerance and virus resistance =ppear °O be 
characters than can be rapidly assessed in young plants dy recently 
developed methods. Allozyme characterization, although not 2 new approach, 
now could be used on a routine basis for directly evaluating genetic Civer= 
sity during the primary screen, Similarly, analysis of fleronoics or other 
suitable phytochemical compounds could be performed at this time beosuse 
the development of new instrumentation and procedures have sreatly 
simplified phytochemical analysis, 


One technique with great potential for evaluating genetic diversity is 
analysis of restriction fragment length polymorphism. Unfortunately, 
several critical improvements in methodolesy are necessary 2efore tris 
technique can be used as a general tool for germplasm evalustion, 


Institutions and government organizations can contribute to the 
development of more efficient germplasm evaluation by encouraging, through 
grants and training programs, closer ties between the primary eval ustion 
centers and research laboratories possessing expertise in tre desired 
technology. Development of a more thorough screen for genetic diversity is 
of immediate concern because such information is particularly usefir in 
identifying geographical regions that should be more extens:vely sazpled. 
Increased attention to quality control of the collected material ans 
greater emphasis on obtaining data from outside users or the sermpi ssn 
collections is also recommended. 
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INTRODUCTION 


Plant germplasm erat tatin has been intimately associated with agricul- 
ture ever since Neolithic man first began to collect seed and to grow crops. 
When selecting seed for planting, these early farmers often chose the larger 
seed or seed from plants which had remained healthy throughout the growing 
season. Whether an active or passive process, this selection activity 
produced most of the domesticated lines available 100 years ago. Within the 
last century, our understanding of the genetic material ani the mechanisms 
of inheritance has ere tremendously. This knowledge has permitted 
Bore efficient introgression cf useful traits discovered in exctic germplasm 
and the selection of combinations of characters in breeding lines (Allard, 
1960; Dubinin, 1965; Frey, 1976; Rick, 1974). 

Today, the evaluation of germplasm is more organized and can be much 
more sophisticated than the selection activities of early farmers; however 
the process retains the same basic goal: to identify and isolate naturally 
occurring variation which may be of value to science and agriculture. We 
know that such variation must have a genetic basis (i.e,, must be capable of 
being passed on to future generations) in order for it to be of much use in 
breeding programs, Furthermore, we have recognized that it is difficult to 
predict what variation will be useful in the future, and most authorities 
now recommend preserving as much natural biological diversity as possible 
(Frankel, 1974; Harlan, 1975; Oldfield, 198%). Attempts to generate new 


diversity by treatment with mutagens have met with partial success, but many 


“important traits appear to be difficult or impossible to induce by mutation, 


Attempts to select new phenotypes in the absence of genetic variation 


(Lysenko, 1946) have proved fruitless. Moreover, the discovery of important 
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« QI 
biochemical products (Kreig, 1864; Swain, 1972; Balandrin, et al., 1985) or 
resistance to specific diseases (Sears, 1956; Kimber, 1967; Riley et al., 
1968) in plant introductions which otherwise appeared to be very poo: can- 
didates for cultivation has occurred so often that such cases can be 
regarded as the rule rather tham the exception. Thus, a critical initial 


step in the evaluation of germplasm is to assess the extent of genetic 


SN AR ERD OTT ETE BALE ON OSAP SE PE CT I LA . 


diversity present within and among accessions, Ideally, all the genetic 
diversity, although not necessarily all combinations of this diversity, 
present in Gite populations or breeding scock should be represented in 
germplasm collections. Practically, this goal is impc ssible to attain, but 
it does serve as a reference 2oint against which the completeness of a 
collection may be measured. 

Although germplasm collection and evaluation has been handled in the 
United States on a organize’ tasis for nearly a century, a major commitment 
by Congress to support these activities accurred only after World War II 
with the passage of the Researct and Marketing Act of 1946 (Public Law 733). 
This Act alloted funds for cooperative research between two or more State 
Agricultural Experiment Stations or between the Department of Agriculture 
and State Agricultural Experinent Stations, One of the first projects 
proposed under this Act was 4 national program for the introduction and 
testing of new plants, This >ropo sal eventually resulted in the estab- 
lishment cf four Regional Protects (NC-7, NE-9, S9 and W-6) which covered 
the evaluation of nearly all seed-propagated plants brought nee the United 
States (Burgess, 1971). 

The post-war preeminence of raise country eurven in the plant 
germplasm evaluation prograz :n the United States becoming the predominant 


undertaking of this sort in the world. Most other countries interested in 


° —_ 7 ca 
; : 
> 
grr ate» ~~ ee Rc a a a : 7 : a ™ —" 
% - » 7 om ia. 
a : - RE et de emt i Ri gs A a te OR, CY EOE CE AD 7 — ~ oe - —— 
ade = = an ee a : 7 . 
.i¢ 2» ,otabem le@ GSR utiaws 960e? aps s2oubor 
, 
a5 L208 sTORe .wecumth ¢deey yotsed) ecole sttiosge 6: 
oe - 
ood esau se of beageges ealuyedio dobtw saolioubotdas s 
_ 
=é gS sees Gove deaf aeb4o c= bestunce wed no Lavra ges 
ge teiat- sf »m~\c0¢?  8ottqeawe ons aect set SIF Be 
— 
oy 
arag 4 ins oad¢ eaonee oF el wes lcormes 36 ac iaeien 
en 62 ’ ‘Ipoh f nofeesoss noose: ber ahdtiw dame 
_ 
dewvin abds ebaaléacs I finecseoss toa dpsed Be 
» : 
a “ 
Pas 9 ay _ 7 ‘ ? 2: $ X« > Ss « ise iugog b es 
¥ 
ca 5 + wi tes si ann taootie 
Si »oyets let > twtdw see tane oH] .2484S%9d & BB s 
bewesse ot Oi 
? Pa & so inwe ‘ond oo ltsel las nts Iqganep 
‘ < ; . 3 1 sien asinag? 2-80 6& 
Ms ; (a8 WUaoG eis ivisse 
a> ae Us 5. i 2 tS ae 1% Sis 
> ' + @2644 ins 82 py FI EVAL OO 
ped Ts fs é 2 seawisd t edold 280 serouhipged 
i iy : S'3 898. tnenbisaqx? Ieanedtud 
72% gsqeets Leneifes @ £in 304 2280 
= 
RO we - pod doen of leotaove Ieeogo1g & «tinsiq: 
nao ng. (acW bes Pel ,O<Uk -[PON) SSoeloct imolgel. Wolre 
in e&@*-s20r Jdauen’ ator ig belegpeig-bete Lis yiisen 76 ae 
oy ry 
‘ ~ift ver .2ae 
— 
,4f4 e¢t SPU hetiveet Yithues al fd Go sapertiosstg 4a0e 
rrantuetsy} ak astetoed aesast bolle ete Bc -aAapesg ib isecieve 
a ~ a _ 
42 babnevYoeid: seietitves soto seeMm Volnev-oed? ni-o1ce8 atd> te 


a 


a aes - - a ma 
— ere es a et ce at RN Le NR Rm eR Se ante pean pe 


meget EL IRI 8 OEE ITER IN, EAN Ree ny eM RRTIRCES ANS ROH REE RON AIL SO I TELS IONE IR CE ELIT NI LO OO NTT ee 


ne amen aetna! 
a ee AO a a i ee mr A | a ner RRR EATS 1 NOR FERAL Mae a 


370 


germplasm evaluatiesn appear to have developed programs similar to that in 
the United States. [ft is therefore convenient to use the program in this 
country as a model tis describe current methods in germplasm evaluation, 

In general, “2 initial evaluation of a plant introduction, after any 


necessary quarasiise procedures, is performed at one of the four Regional 


Plant Introductice $imtions or at research centers where national programs 


on a particular «rep exist (Hyland, 1970). National research centers in- 
clude those for «ton (College Station, Texas), soybeans (Urbana, 
Illinois), sugareaae (Cane Point, Florida), and small grains (Beltsville, 
Maryland). Each flant Introduction Station has responsibility for several 
important crops amt aay also screen related minor crops and other species of 
interest. Before at secession is sent to a Regional Plant Introduction 
Station or researvt center, it is usually given a Plant Introduction (P.1I.) 
number at the Depastaent of Agriculture offices in Washington D.C. At this 
time, data obteimy Sy the field collector regarding place collected, local 
name, Latin naze, ant best tareatin as of the collection locality (elevation, 
soil type, surrcsmfing vegetation, etc.) are transcribed on to a permanent 
record, This irfcatmecion constitutes the "passport data" of an accession 
and is compilec i: Stventory books available at all agricultural experiment 
stations and in tke J\praries of land grant colleges. 

To breeders ant growers "evaluation" often means determining the yield 


and econcmic value vi! a particular cultivar or breeding line (Oyervidas- 


Garcias, et 2l., *!i%; Makus, 1984). However, such evaluation is not 


appropriate for ge-sitlasm collections, for introduced lines, at least in the 
United States, #:.. s¢arly always perform poorly compared to indigenous 
cultivars. Insteas, waluation of P, I, lines is usually for particular 


characters such #3: wilt tolerance (Shannon and McCreight, 1984), cdld 
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tolerance (Erskin et al., 1981) or disease resistance (Provvidenti, 1982). 
Even this "narrow® evaluation is usually beyond the functions performed at 
the Regional Plant Introduction Station where time and resource limitations 


permit merely a superficial characterization of most accessions. The traits 


analyzed at these Stations are necessarily relatively easy to score and few 

| in number. Responsibility for which traits are scored in a particular crop | 
is supposed to rest with the respective crop advisory committee, thereby | we 
reflecting the need of the breeders; however, in many instances these conm- & 
mittees have not decided on a specific list of descriptors, and the 
selection of the descriptions thus becomes the responsibility of the Station 
personnel. 

The list. of traits currently being evaluated for pea accessions is 
included as Appendix I, and although other crops are evaluated for a dif- 
ferent set of characters, those for pea may serve as a general example for 
most crops. Thirty descriptors, most of which are morphological characters, 
form the primary data obtained in an evaluation of a pea accession (Appendix 
I). The 'Plant Introduction Number' is that assigned in Washington D.C. 
The 'torigin't is the institution or country from which the sample was 
received, not necessarily the country from which the seed originated. Thus 
it is possible to have a sample of a Middle Eastern cultivar, which had been 
sent to Sweden and Japan, enter the Plant Introduction system as two dif- 
ferent accessions, one from Japan and the other. from Sweden. This problem 
may be overcome by going to the original collection number. However, 
breeders and other users of °.I, collections rarely make this extra effort, 
and occasionally the collection number is no longer available. | 

The remaining morphological descriptors used for pea are based on 


genetic variation already known to exist, Many are characters with a simple 
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genetic basis (Blixt, 197%). The presence or absence of anthocyanins, for 
instance, is usually determined by a single locus, A. This trait is of 
particular interest to breeders because pea lines lacking anthocyanins make 
superior processing types, and virtually all commercial cultivars lack 
anthocyanins, Other traits such as the presence of pigment o71 tne testa or 
hilum are not as crucial for breeders but make convenient genetic markers. 
The categories 3, 4,5, 6, 11, 12, 13, 14, 15, 19, 20, 22, 27, 28, and 29 
are polygenic traits requiring measurements or observations by trained 
personnel. Results of these evaluations are published by e@ch Station in 
the form of an Annual Report, and all information available on each acces- 
Sion is also being entered isto computer memory banks which can be accessed 
through the national germplasm informatin system (GRIN), 

Except for occasional sotes regarding unique characters or special 
projects undertaken by certain staff members no further evaluation is per- 
formed at Plant Introductioz Stations. Additional characterization and 
evaluation is accomplished ty plant breeders and other researchers in 
academia or private enterprise, Usually, such evaluations involve the 
screening of a limited set cf material for relatively few traits. A 
phytochemist may concentrate cn the alkaloids present in 1250 different 
accessions, while a breeder will screen the same accessions for cold 
tolerance. These studies represent a very important part of the evaluation 
of accessions, for they are serformed by individuals with a particular 
expertise and represent a considerable investment of tire and money, 
Unfortunately, in many instanzes the results of such surveys ire never 
returned to the Plant Introduction sistiek nor sinrrenéd in any ctner format 
available to the general pubiiec, Such surveys cannot be considered 


Yevaluation' in the strict sense because the results are unavail asle, except 
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to a very few individuals. Thus, the study would have to be repeated by 
another group wanting the same information, In cases where an outside 
investigator does return a report to the Regional Plant Introduction 
Station, such information is included in the Annual Report, 

This:tiered system for plant evaluation, with the Regional Plant 


Introduction Stations acting as a first screen and information distribution 


center and more detailed studies being done by academia and private en- 


terprise, has worked relatively well in crops for which funds exist to 


_ support the additional studies outside the four Regional Plant Introduction 


Stations. Germplasm collections of secondary crops such as onions have been 
largely ignored, except for periodic seed increases and occasional studies 
by small research groups. 

Work in other eee has provided a major proportion of the evalua- 
tion of genetic variation in several crops. Excellent studies on rice have 
been performed in Japan (Endo and Morishma, 1983) and he Phillipines 
(Chang, 1970, 1976, 1981). Most of the studies on chickpea “ave been done 
in India or the Middle East (Singh et al., 1984). However many of the 
evaluations of minor crops (e. g., Arora et al., 1982; Weltzier, 1982) do 
not go beyond the level of a primary evaluation as exemplified by the 
screening done at the Regional Plant Introduction Stations, An important 
organization at the international level is the International Board for Plant 
Genetic Resources (IBPGR), associated with Food and Agriculture Organization 
of the United Nations. This board supports many activities. related to 
germplasm collection and evaluation, including the publication of the peri- 
odical "Plant Genetic Resources Newsletter" which provides an international 


forum for reporting the results of coliecting trips and germplasm surveys, 
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CURRENT AND EMERGING TECHNOLOGIES 


Three primary areas of germplasm characterization which have augmented 


by recent technological advances are: 


| 
i 
; 
| 


1. Botanical and agronomic characterization, 


2. Phytochemical screening of secondary products. 


ee wee ere Ts 


3. Electrophoretic determination of genetic diversity. 


Each of these areas will be discussed separately. 


Botanical and agronomic characters are probably the traits of eanest 
interest to those neene germplasm collections. Characters such as heat 
tolerance, photosynthetic capacity, disease resistance and habit are impor- 
tant aspects of any crop, and information on these traits is used not only 
| by breeders but also by physiologists, pathologists, biochemists and 
geneticists, The set of characters that couid prove useful to tnese scien- 
tists is so diverse that virtually any and all advances in technology could 
| be applicable, The type of crops currently economical to grow in the United 
States are very different than those useful to farmers in Ethiopia or 
| Brazil, and almost certainly other crops will be found to be better adapted 
to artificial environments under the oceans or in space. It would be impos- 
sible to describe all technologies that could or will be important in 
germplasm assessment; however several technologies will almost certainly be 
prominent in the primary evaluation process because they allow a rapid 
method for screening large numbers of individual plants, These technologies 
‘inelude analysis of plant properties using controlled environments, 


computer-aided analyses of plant morphology. scanning electron microscopy, 


and immunological methods for assessing disease resistance, 
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Large controlled environment facilities, such as the phytotrons at the 
Southeastern Plant Environment Laboratory (SCSI Phytotron) or the Duke 
University Phytotron, permit the growth of many plants under carefully 
monitored conditions, Although environment chabers do not represent a new 
technology, they are beconing increasingly complex, for the study of many 
Amportant phenomena in plants requires that the plants be grown under 


specific and reproducable conditions (Manm et al., 1985; Baysdorfer and 


Bassham, 1985; Dominy and Heath, 1985; Eszins et al., 1985). The 


Sgt perp REN SST NER SF RENT AE SGOT ‘ 


availability of such facilities enable breeders and other plant scientists : 
to conveniently ard reliably screen introducticss for different environmen- 
tal stresses, 

Computer-aided analysis such as quantificetion of leaf area (Newell, 
1985), the study of growth responses (Jaffe et al., 1985) and even data 
collections (Gilreath, 1985) should provide zew« characters to score or 
increase the efficiency of the Bee ctesireiide ané evaluation process, The 
polygenic nature of the traits measured would stiii present a problem, but 
computer analysis may be able to divide the measurements into simple charac- 
ters to partially circumvent this difficulty, ‘Similar arguments may be made 
concerning characters visualized under the scanning electron microscope, 
Interesting and, perhaps, useful variation has been revealed by scanning 
electron microscopy (French, 1985), and compter analysis of appropriate 
traits could provide substantial data on genetic variability ina 
population, | 

Enzyme-linked immunosorbent assay (ELISi} tas been used to screen 
plants for the presence of eee Sanh eaen (#411, et al., 1981; Van 
Regermortel and Burckard, 1980). The technique is rapid and can be used to 


assay many plants simultaneously, Plants whics sermit viral infection to 
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become systemic without exhibiting symptoms of the disease can be differen- 
tiate¢ from plants that localize the infection, The importance of disease 
resistance in modern cultivars will probably dictate the screening of most 
accessions for resistance to many diseases, so that relatively rapid and 


simple procedures for such analyses would be desirable, 


2. PAXTOCHEMICAL SCREENING OF SECONDARY PLANT PRODUCTS 


Pytochemical sceréening of plant germplasm has been an activity of 
humans since before the time of the ancient Romans. However, during the 
past twenty-five veers phy tochemistry has emerged as a distinct discipline, 
somewhat intermediate between natural dbdadotraraante chenistry and plant 
biockemistry. Phytochemical screening is that branch of phytochemistry that 
deals with the natural distribution of the variety of organic compounds that 
are synthesized and accumulated by plants. Historically, a variety of 


micremolecular compounds have been used to characterize plant germplasm. 


‘These include, but are not limited to, phenolics [e.g., flavonoids (flavones 


and fiavonols), anthocyanins, xanthones, stilbenes, quinone pigments], 
terpenoids (e.g., essential oils, gibberellins, steroids, carotenoids), 
organic acids, lipids, and related compounds [e.g., Krebs cycle acids (i.e., 
citric, malic, etc), stearic acid, oleic acid, glycolipids, polyacetylenes, 
gluccsinolates (i.e., mustard oil glucosides)], nitrogen compounds [e.¢., 
amino acids (including non-protein amino acids), alkaloids, cyanogenic 
glycosides, cytokinins, and the chlorophylls), and sugars and taeir deriva- 
tives (e.g., monosaccharides, oligosaccharides, sugar alcohols, and 
eyclitols). Enotes of which particular class of compounds is to be utilized 
for ctaracterization generally is governed by the specific plant group under 


consiteration, For example, flavonoids are of almost universal ocourrence 
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in the vegetative and floral tissues of higher plants, whereas 
polyacetylenes agaee regularly only in five families of angiosperms 
(Campanulaceae, Compositae, Araliaceae, Umtelliferae, and Pittosporaceae) 
and glucosinolates occur primarily in the cabbage family (Brassicaceae) 
(Harborne and Turner, 1984). Phytochemical screening has been and, most 
likely, will continue to be the method of choice for chemical characteriza 
tion of plant germplasm because of the range and number of micromolecular 
compounds is so large (e.g., there are over 5500 hm -OWN Plant alkaloids) and 
the distribution of each particular class of compounds is so variable (i.e., 
variation exists at every perononie level; e.g., family to cultivar). In 
addition, phytochemical methods have been aided enormously by technological 
developments in the areas of rapid and accurate methods of screening plants 
for particular compounds, 

In essence, the basic rationale for phytochemical screening, with 
respect to characterization of plant germplasm, is that particular classes 
of compounds tend to have restricted distributions within specific plant 
taxa, be they genera, species, or infraspecific groups (e€.g., botanical 
varieties or cultivars). In other words, a specifi: taxon ean be charac- 
terized (i.e., recognized) by its chemical constituents if those 

constitucnts ere restricted to the taxon in question, This type of data is 
of particular use in establishing the identity of a specific germpiasm line 
and for determining genetic, as wel] as phylogenetic, relationships among 
groups of taxa (Young and Seigler, 1981). These latter types of data are 
often of significant importance in establishing potentially new scurces cf 
genetic material from wild populatons that could be used in germplasm in- 


provenent programs, 
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With respect to germplasm evaluation, phytochenical screening is most 
applicabie when it is a particular compound that adds or detracts from the 
general usefulness of a germplasm line. For example, evaluating the insect- 
icidal properties of specific plants (e.g., Pachyrhizus erosus, the Yam 
Bean); determining levels of biologically active compounds, such as 
podophyllotoxin in Podophyllum and related taxa; evaluatng levels of the 
- limiting amino acids in, for example, legume crops; or determining levels of 
toxic principles in specific germplasm lines ore non-protein amino acids 
Catiscunes: Bell, 1972, 1978; Rosenthall, 1982). 

The basic methods of Pe ocrenacat screcning are etait ar, no matter 
what particular class of compound is Patickeds and eppiae three general 
processes; extraction, isolation (i.e., separution and purification), and 
identification (Harborne, 1973). Extraction techniques are fairly straight 
forward and often rather simple, Plant materials typically are homogenized 
in a blender or tissue grinder in aqueous alcohol to a cave exhaustive 
extraction. Initial extracts can be further fractionated, after evaporation 
of the alcohol, with successive extractions using hexane and/or chloroform 
(to separate lipids and terpenoids) followed by alcohol and/or ethyl feet 
(for more polar compounds), 

Conventional methods for the separation and purification of phytocheni- 
cals have utilized one or a combination of four chromatographic techniques: 
paper chromatography (PC), thin layer chromatography (TLC), column 
chromatography (CC), and gas liquid chromatography (GLC). Choice of a 
particular isolation technique depends largely upon the solubility 
properties ree volatilities of the compounds being separated. PC generally 
is used for water soluble compounds (e.g., carbohydrates, amino acids, 


organic acids, phenolics); TLC for separating lipids, steroids, carotenoids, 
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and chlorophylls; for non-volatile compounds, CC is a very useful technique 


for preliminary purification or for preparative scale separation of large 
quantities of compounds from crude plant extracts (polyamide, silica gel, 
and sephadex gel are the most widely used column packing materials); GLC is 
used primarily for separation of vo.atile compounds (e.g., fatty acids, 
hydrocarbons, terpenoids, and sulphur compounds). Most often, a combination 
of two or more of he above vechniques yields the best results, Of course, 
when dealing with compounds that are charged (e.g., amino acids, some 
alkaloids, organic acids), paper and/or starch or acrylamide gel 
electrophoresis can be used in the isolation process, 

During the past ten years the major technological advance in the area 
of separation and purification of complex mixtures of organic compounds has 
been the development of high-performance liquid chromatography (HPLC). HPLC 
is, perhaps, the most useful technique for the isolation of organic sub-= 
stances, and the range of compounds that have been successfully separated 
using HPLC continues to expand at a very rapid rate, In addition, there has 
been a dramatic increase in the scope and versatility of HPLC due primarily 
to improvements in instrumentation and the efficiency and nature of column 
packing materials (Hostettmann, 1982). The primary advantages of HPLC 
versus other more conventional chromatographic techniques are that it is 
relatively fast, extremely reproducible, and can be applied at both the 
analytical and preparative scales, Major disadvantages of HPLC are that it 
does require an initial investment of time to develop appropriate solvent 
porines for the bh ne. spe separation of complex mixtures of compounds, and 
often quite different solvent combinations are required for different 
classes of compounds (although, once established these solvent systems can 


be used routinely), and the cost of the instrumentation, For example, a 
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typical gradient HPLC system costs between $25,000-30,000; a preparative 
scale column over $800 (compared to about $100 for 100 sheets of 
chromatographic paper). There is, however, little doubt that under the 
right circumstances, HPLC could become the method of choice for the isola 
tion of many groups of plant compounds, and for routine qualitative and 
quantitative phytochemical screening of plant germplasn. 

A technique that has not found wide use in the isolation of phytochemi- 
cal compounds but does have significant potential, particularly when dealing 
with phenolics, is droplet counter-current chromatography (DCCC) (Tanimura 
et al., 1970). This technique is very helpful in the preparative-scale 
separation of polar compounds (e.g., flavonol glycosides). Recently, 
Hostsettmann (1980) has discussed the advantages and limitations of this 
technique, Again, the primary disadvantage c?’ DCCC is the cost of in- 
strumentation (ca. $10,000). 

Identification of isolated and purified plant constitutents generally 
involves measuring a niaber properties, such as: melting point, boiling 
point, optical rotation, Rf or RRt values, and spectral properties, includ- 
ing ultraviolet-visible (UV-VIS), infrared (IR), nuclear magnetic resonance 
(NMR, including C-13 NMR), and mass spectral (MS) measurements. Generally, 
UV-VIS and IR are routinely used in the identification of phytochemicals, 
Recent technological advances in microchips have made rather sophisticated 
UV-VIS spectrophotometers available at a very reasomble cost (e.g., $5,000- 
10,000). On the other hand, NMR and MS methods require considerable 
technical expertise and expensive instrumentation (e.,g., typical NMR = ca. 
$60,000-100,000; typical MS or GC-MS = over $200,000; both NMR and MS re- 
quire a full-time technician to operate and maintain the instruments). 


However, confirmed identification of each constituent is essential if 
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precise characterization and evaluation of plant germplasm is to be 
achieved, : 

From a taxonomic/systematic standpoint, flavonoids have been the most 
widely used of all secondary constituents of plants (Harborne and Turner, 
1984). This is due in large part to their ubiquitous occurrence in higher 


plants and their great strictural diversity. In addition, they are rela- 


tively easy to isolate and characterize (Mabry et al. 1970). Flavonoids 


have been utilized as taxonomic markers at almost every level of systematic 


study, involving both wild and cultivated taxa. Extensive reviews of this 


area have been provided by several authors (Alston and Turner, 1963; 


Erdtman, 1963; Alston, 1967; Swain, 1975; Harborne, 1975; Harborne et al., . 


1975; Harborne and Mabry, 1982). In addition, flavonoids, as well as ter- 
penes, have been used extensively in the chemical documentation of 
interspecific hybridization in plants (see Harborne and Turner, 1984 for a 
review of these data). : | 


Phytochemical screening of plant germplasm, for the purposes of charac~ 


terization and evaluation, has been employed by a variety of individuals 


with wide-ranging interests. Phytochemicals increasingly are becoming 


important sources of industrial and medicinal products (Balandrin et al., 
1985). For example, compounds such as nicotine, the pyrethrins, and 
rotenone often are used as pesticides (Jacobson, 1982), and some steroids, 
alkaloids, and lignans are used by the pharmaceutical industry in drug 
manufacturing (Tyler et al., 1981). The flavors and aromas of many spieces, 
condiments and beverages (e.g., teas, coffee, colas) are, in fact, the 
result of the secondary products produced by the plants from which the 
products are obtained, Another area of potential agricultural significance 


is that of plant growth regulators obtained from natural plant sources 
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€) 
(e.g., the steroidal lactone brassinolide obtained from the rape (Brassica 
Napus; see Balandrin et ale, 1985 and references therein). There is also 
considerable interest in the use of phytochemicals as supplements and/or 
replacements to petrochemicals (Wang and Huffman, 1981; Campbell, 1984). Of 
course, chenical characterization and evaluation of plant germplasm will 
continue to be of prime axseneaces to plant breeders and systematists as 
they breed, select, evaluate, and attempt to understand the genetic and 
phylogenetic relationships of plants with existing and/or potential 
agricultural-industrial significance. For example, analysis of the 
flavonoids of pears and apples has provided useful data to support the 
recognition of these two important agronomic groups as distinct genera 
(Pyrus and Malus; Challice, 1973, 1974). 

In summary, with respect to phytochemical screening, PC and TLC probe 
ably can be regarded as the "conventional" methods of analysis, These 
techniques have the advantage of being relatively fast and inexpensive. 
However, by themselves, they cannot provide data on the exact identity of 
specific chemical constituents, Instead, they can only confirm the presence 
or absence of compounds that have been identified utilizing the 
methodologies discussed above, These same criticisms can also be leveled 
against the more technologically advanced HPLC methods, Thus, it is safe to 
say that these newer technologies will not replace more "conventional" 
methods of phytochemical screening, Instead, they must be integrated with 
existing procedures to assure fast and efficient methods of phy tochemical 


screening, 
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3. ELECTROPHORETIC TECANTOUES 
The concept of separating bislogical components by zone electrophoresis 
was described early: this century (Field and Teague, 1907), and 
electrophoresis of amino acids on paper was a routine procedure in ‘the 
1950's, A major advance in the separation of proteins by eletrophoresis 
was the use of horizontal starch gels and a gel buffer of low ionic 


strength (Smithies, 1955). The use of activity stains for the visualiza- 


tion of specific enzymes was introduced by Hunter and Markert (1957). 


Electrophoresis on polyacrylamide matrix was introduced by Raymond and 
Weinstraub (1959) and this technique has been especially popular in exten- 
sions of the original discontinuous electrophoresis techniques (Kendell, 
1928, 1942). Further advances in the separation of proteins have been made 
by using denaturing gels (Laemmli, 1970), isoelectric focusing (Wrigley, 
1968) and 2-dimensional electrophoresis (O'Farrel, 1975). Finally, the 
electrophoretic techniques are amenable to and, indeed, are the primary 
methods used in separation of DNA fragments (Maniatus et al., 1982). 

With respect to germplasm evaluations all electrophoretic techniques 
permit the assessment of genetic diversity at the molecular level but can 
provide little information on physiological or morphological diversity. 
Thus, such techniques can generate additional information but cannot sup= 
plant the data gathered by observations of growing plants. Each of the 
electrophoretic techniques mentioned above have been used for the evalua- 
tion bf genetic diversity, and each also possesses certain advantages and 
disadvantages for such work, In order to better understand their different 


features each technique will be described briefly. 
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Horizontal starch gel electrophoresis: The use of this technique is almost 
always associated with isozyme analysis and has become the primary tool of 
assessing allozyme variation in populations (Brown, 1978, 1975; Jain and 
Singh, 1979; Kahler, 1981). Plant samples to be analyzed are crushed in a 
small volume (0.5 = 2 ml) of extraction buffer, the extract sbsorbed onto a 
filter paper "wick", and the wick inserted directly into a slot on the gel. 


Twenty to forty samples can be analyzed per gel, and because a relatively 


‘thick (1 cm) gel is used, this gel may be sliced, parallel to its horizon- 


tal surface, into bod) duplicate, but much thinner, gels, Each of the thin 
gels can be stained with a different assay, permitting each sample to be 
analyzed for 4-8 isozyme systems, On the average there are ae loci ex- 
pressed per isozyme system analyzed in plants (Gottlieb, 1982), so that &- 
16 bits of genetic information can be obtained on one sample and 250-500 
such bits can be amassed on the samples run ona Single gel. An ex- 
perienced technician can run and analyze 10 or more gels per day, and it is 
this ability to generate considerable amounts of genetic data that has made 
horizontal starch ge? electrophoresis a particularly useful tool for the 
population geneticist, | 
Although the use of starch as a matrix gave clearer enzyme bands than 
paper and other media used in 1940 - 1950 's, biochemists and other re- 
searchers requiring even better resolution soon shifted to a polyacrylamide 
matrix, for such a gel can be poured more uniformly and provide greater 
flexibility in the sieving properties, buffer and stacking systems, and 
assay compatibility. The concentration of the acrylamide subunit can be 
adjusted from around four to about 20% of the total gel, The mobility of 
high molecular weight molecules, such as proteins, is greatly affected by 


the gel concentration; the higher the concentration, the more retarded is 
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the movement of the macromolecules through the gel. Many polyacrylamide 


systems include a "stacking" gel in which the sample is concentrated into a 
very thin band before entering the resolving gel (Chrambach, 1980). 
Gradient gels, which have a lower acrylamide concentration at the top 
(where the sample enters the gel) and gradually increases to a high 


acrylamide concentration at the bottom, afford even better resolution. 


Special assays may be used on polacrylamide gels to assay for enzymes 


such as ribonuclease and amylase which, because of the opacity of starch, 
are not compatible with starch gels. When compared to starch, the disad- 
vantages of polyacrylamide include the necessity of working with a toxic 
monomer when preparing the gel, fewer samples assayed per gel, and a sige 
nificant increase in expense and technical expertise required. 
Polyacrylamide gels cannot be as easily sliced as starch gels and, thus, 
only one isozyme system is assayed per gel, Also, more care must be taken 
in the preparation of the samples. 

A possible alternative to electrophoretic separation of proteins based 
on charge and mass has been to denature the proteins using sodium dodecyl 
sulfate (SDS) or urea and separate the monomers on SDS- or ureacontcining 
polyacrylamide gels, The migration of SDS-denatured proteins is determined 
almost entirely by the size of the protein, 

Isoelectric focusing, usually performed on polyacrylamide or agarose 


gels, provides the possibility of even greater resolving power. Initial 


attempts to separate proteins gave poorer resolution than simple. 


electrophoresis (Tiselus, 1941). However, great improvements in resolving 
power came about when the technique was applied ina gel matrix (Wrigley, 
1968). Further improvements in techniques and equipment have made 


isoelectric focusing a powerful method for separating proteins, 
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Two dimensional electrophoresis analyzes one sample using two types of 
electrophoretic techniques, The most common combination is isoelectric 
focusing in the first direction, followed by denaturation of the proteins 
and electrophoresis in SDS in the second direction (O'Farrel, 1975). This 
combination. appears to give the greatest resolutions and allows researchers 
to separate complex protein mixtures such as are found in seed or leaf 
extracts (Brown and Flavell, 1981). Recently, Cremer and Van de Walle 
(1985) have demonstrated that over 500 moieties can be distinguished in 
extracts from green plant tissue, and even more proteins can be resolved in 
certain other tissues. Bahrman et al. (1985) have applied this technique 


in genetic studies of Douglas fir, a significant accomplishmeut considering 


the relatively high levels of phenolics and other interfering compounds in 
Gadus s from this species, Two major problems with this technique are SD) 
reproducibility of conditions of electrophoresis among (and sometimes 
within) labs and (2) the limitation of analyzing only one sample per gel. 
In spite of the very different macromolecule being analyzed, 
electrophoresis of DNA is similar and uses much of the equipment as protein 
work, Electrophoretic analysis of restriction fragments is very similar to 
electrophoresis of protein on denaturing gels, for the components are 
separated on differences in size, with smaller fragments migrating further. 
High molecular weight plant NA is isolated from a convenient tissue, such 
as young leaves, and treated with a restriction endonuclease (Beckmann and a 
Soller, 1983). Electrophoresis of the resulting fragments can be performed Be - 
either on agarose or polyacrylamide gels, the former being the matrix = 
usually employed, The location of a band or bands homologous with a 
specific sequence of DNA can be visualized by a number of methods (Feinberg 


and Vogelstein, 1983; Leary et al., 1983; Murasugi and Wallace, 1984; Renz 
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and Kurz, 1984) but the most common is the use of autoradiography requiring 
a 325 label probe (Maniatus et al., 1982). At present such a method has 
been the only one successfully used on single copy sequences in plants 
(Polans et al., 1985). 

Which electrophoretic technique a researcher chooses obviously depends 
on the type of results desired, The evaluation of genetic diversity man- 
dates that a large number of samples be screened. Such a requirement 
indicates that two-dimensional gel electrophoresis will not be very useful 
for general surveys, The relatively expensive materials and significant 
technical expertise required for this technique Partner reduces its Pirare 
potential as a practical technology for germplasm screening. 

Electrophoresis on denaturing gels also appears to have limited poten- 
tial for assessing genetic diversity. Not only does this technique require 
a rather complicated sample preparation but also the amount of genetic 
variability exposed is usually low. In peas, variation in seed proteins 
was examined by urea-PAGE (a denaturing system) and isoelectric focusing 
(Przybylska et al. 1983). Considerably more variation was revealed by the 


isoelectric focusing approach, Similarly, only three different phenotypes 


could be observed in the denaturea 3eed protein pattern of 100 bean > 


(Phaseolus vulgaris) lines (Brown et al., 1982), whereas isozyme analysis 
of approximately the same set of lines permitted the unique identification 
of over half the lines and the splitting of the remaining cultivars into 
small groups with identical isozyme phenotypes (Weeden, 1983a). The ex- 
planation for this low level of variability present on denaturing systems 
appears to be that proteins are more apt to vary in charge, which could be 


caused by a single amino acid change, than in subunit size, 
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Of the *#asaining three Grecereruenntia techniques, restriction digests 
seems to offer the greatest potential, for high levels of polymorphism have 
been consistently cbserved in barley (Saghai-Maroof et al., 1984), tomato 
(Tanksley, 1985), and pea (Polans, et al. 1985). One also has the pos- 
sibility of working with any of three genomes (nuclear, plastid and 
mitochcndrial), each of which may provide different information on the 


evolution and systematics of the group being investigated. However, this 


OY NCR RAL OIR ES 


technique is somewhat difficult and expensive, Thus, its use would ‘appear 
to be limited to major laboratories equipped with the apparatus necessary 


for work with radioisotopes and restriction endonucleas?s, At present this 


technique is being used by mretatae geneticists primarily to study the 
_.structure and arrangement of genes (Saghai-Maroof et al., 1984; Polans et 
al., 1985) and by evolutionists and systematists to study the relationship 
and differences between taxa (Palmer and yeep 1981; Sytsma and Schaal, 
1985). Characterization of germplasm represents only a secondary result of 
these studies. 

The two techniques most frequently used to access genetic diversity 


have been (1) isozyme analysis on either starch or polyacrylamide gels and 


{ 


(2) isoelectric focusing. Of these, horizontal starch gel electrophoresis 
has probably been the most popular technique and has generated the majority 


of data, Major surveys of isozyme polymorphism have been performed in 


Ore eee ree eens 


maize (Goodman, et al 1982); wheat (Hart, 1983); tomato (Rick & Forbes, 
1975); pea (Weeden, 1983b; Alconero et al., 1985); and barley (Brown & 
Mundy, 1982). The most completely characterized species is probably maize 
(Zea mays L.) in which nearly all inbred lines and many hybrids have been 
characterized for allozymic genotype at 22 loci (Stuber and Goodman, 1983). 


In addition, limited surveys have been done on hundreds of other cultivars 
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aid wild species. Accurate labeling of samples by isozyme fingerprints is 
gother application of this technique which may be especially important at 
ged distribution centers, A recently completed survey of the isozymes in 
lected pea accessions at the Northeast Regional Plant Introduction 


Sation revealed instances of contamination and genetic drift which other- 


S sohaiemeediin tebiechbadantemntehahidennmidaninn ciate cates dink ideas idea anand 


ise may have gone unnoticed (Alconero et al., 1985). The cost of 


qjuipment and supplies for horizontal starch gel electrophoresis is low 


(mpared to polyacrylamide gel electrophoresis (PAGE). The combination of 
In cost with the considerable amount of data that can be obtained from one 
pl accounts for the popularity of starch gels among researchers who 
Basure genetic variation PA large populations, 

Isoelectric focusing usually gives better resolution than PAGE but 
quires more expensive materials and equipment, Superb studies on 
oxidise and esterases in several taxa have been accomplished using 
ssoelectric focusing (Hicks et al., 1982; Villamil et al., 1982); however, 
nny enzymes are modified or denatured at their isoelectric point, inter- 
Pine with their analysis by this method, The high cost of ampholytes and 
pnstant power transformers needed for isoelectric focusing together with 
he occasional generation of artifactual bands has hindes<c large scale use 
? this technique for germplasm surveys. 

| To summarize this comparison of electrophoretic techniques, it appears 

What isozyme analysis on starch gels, although one of the first methods 

3veloped, remains the most efficient and. cost effective technique for 

_ ssessing genetic diversity. PAGE and isoelectric focusing usually give 


‘Lightly better resolution, thereby exposing more polymorphism but generate 


E . 

“nly about one fourth of the data per hour of technician time. Two- 
/ ; 
-imensional gel electrophoresis can isolate more gene products than single 
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sophisticated and expensive to be applied to general screening at germplasm 


: ‘ 
RD or * - 
? h 
= a ; 
dimension techniques but is severely limited in the number of samples it 
can process, and the level of polymorphism revealed appears to be com- 
parable to that for starch gels. The most recent method developed, DNA 
restriction fragment analysis, presently requires a procedure which is too | 
f 


facilities. However, it reveals considerably more polymorphism than the 
other methods and eventually may provide the best method for assessing 
genetic diversity. | 

The technical methodologies available for invesvigating betanical, 
gepondnio. phytochemical, and electrophoretic variability discussed in this 

S paper would greatly extend but not replace the ‘conventional! analyses 
generally performed at Plant Introduction Stations, The weakness of the 
technological approach is not the lack of appropriate eecanovey but a lack 
of knowledge regarding which traits should be analyzed. Controlled en- 
vironments permit the analysis of individual factors which normally cannot 
be studied in the field because of the compounding effects of many other 
variables, Such studies have already provided considerable information on 
which plant characteristics are important for meeting certain goals (Mann 
et al., 1985; Rajashekar et al., 1983). Further progress using more 
sophisticated techniques should permit a more precise understanding of 
these characteristics. 

The evaluation of genetic diversity may be immediately extended by 
isozyme, protein, or restriction fragment length analysis. These ap-= 
proaches focus on DNA or gene products ‘and provide a direct measure of 
genetic diversity often difficult to obtain by conventional methods, 
Analysis of phytocnemical s provides a second, more indirect and probably 


less efficient method of measuring genetic diversity. Results fron 
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Galt 
phytochemical or electrophoretic surveys often complement the morphological 
data, exposing variation in a morphologically homogeneous set of accessions 
or uniformity in an otherwisu heteromorphic group, The disadvantage of 
these molecular techniques is that the variation exposed often has little 


direct value in terms of agriculturally important characters, 


STRATEGIES FOR TECHNOLOGICAL DEVELOPMENT 


Currently one of the major problems in germplasm evaluation is decid- 
ing which traits to evaluate. There exists a virtually unlimited number of 
morphological, physiological, and biochemical characters which could be 
studied, and a survey of 100 scientists would undoubtedly produce 100 
different priority lists. In contrast, the facilities and funds available 
for evaluation purposes are quite restricted and woefully inadequate to 
thoroughly characterize all the accessions already catalogued into the 
Plant Introduction system, With more collections being made each year it 
is obvious that a very setective choice must be made regarding the traits 
to be evaluated, Factors that have to be considered include not only 
horticultural demands but also timelyness and efficiency. At present, high 
priority must be given to a more extensive characterization of most acceS-= 
sions so that (1) accessions may be reliably fingerprinted for purposes of 
Re eaky control, (2) sources of new genetic variation may be identified and 
examined more closely, and (3) a better estimation of the total genetic 


diversity availablco in collections compared to that present in nature may 


or * sstpebs ome (te livesea-00F Iouyerwe alee 


seay abae ebed, gtted okom AItv move ye nolinuie 


- 
— a 
——— — a 4 te” OO 
- - > 
» = — en le meal 


- 


. 


' ; = 
mat os 


wei 
We . i 
re oer 


-tédiaee o¢g Jase inom wet eo cyownte Oeste Vers 


syomaagown vf ie ieotedyee sot sottake sate 


s  qrarcs ohddsonereded. sak winsdo es 02° Se 
. > 7 « 


Jic pussarw Ae laéeny off Gets etugiadoss 142 


‘ounces ced Vaght’ fam Lietane Jo enred 23 a 


Kye 2 SbY LAR GON -CarpETeshs. 


" . " _ to ag id 7 © t 0 08 7a cat i a K 


, genienc af .etell (iso eie 


oo 
= — "| 4. 
# ifeot 21 LUGS eee BOSE US] Boa: 
@ = 


di . ‘oLeeeose of) lle oslisetoa ede. Se 


> 
» 


: ; ae f he T2700 ” regen hk Py Pig vw ‘aa 8 todd mi 


as e 
t¢ beset] » od G2 weed f64% etotes4.* sbedae, 


ih oeeloi tte bne- seateieaht oxis tod cbasmep, ie 
. we 


team to Hotta seewtiew) evieheder Geom #02 advan o6 3p 
j t 


| ~O Sosy bq 18g A. ~Sietian ef yhe croleseosnh {t?. at 


mab? sd “aa mOLaLi4v oh atey wee te Weotote TE) Lordai 


A 


oq fator odd Yo ao biceiser Yolted @ (Ek ba6 +"ion0 ho 0h 


7 > 
a, * » fe C2 
oF ~ fo aaa 


nivten x2 Iocesdg Badd bd Soneqned Gaptsurh ios: 
OO 
> 


a 
it, _ 


er eee errr atn we cAFLR COSIASER 
Bb Pr essences eres resets tenement ere nn nen cee i ae stad enacerenartemnincounbienceben emesis! 


nin a i ee a ne ee 


ee rr ee ‘ 
pitta tenemnasaaeenypiinsrnaenip-snatpbianinrs et i case EONAR shat ann 


meee 


be made. Two other areas also deserve emphasis with regard to germplasm 
evaluation, Basic research in plant physiology and biochemistry will 
enrich our understanding of the processes involved in specific plant 
responses to environmental stimuli. Such information facilitates the 
identification of easily tested plant characters that correlate with or 
will predict plant responses in the field. Screening for such Ate 
easing the primary evaluation of accessions would provide important data on 
the possible attributes of each accession. Finally, the evaluation of 
germplasm for specific traits Erneta! for current needs peeeres special 
attention and support, for the use of the germplasm collection is one of 
the major goals of the sampling, storage and evaluation process, 

The first area is especially important to note because it has been 
given the least support of the three even though it is essential to meet 
the goals of the germplasm repositories, Both basic and applied areas have 
been recognized for years as important aspects of agricultural research, 
and applied research, in particular, has received considerable support from 
both private and government sources. Fortunately, recent advances in 
technology provide greatly improved methods for characterization of the 
genetic variation present in accessions, For self-pollinating or cloral 
species displaying significant isozyme polymorphism (soybean, pea, inbred 
lines of maize) electrophoret..c analysis on starch gels offers an inexpen- 
sive yet reliable method for characterizing accessions, Such analysis 
evaluates the genetic diversity within accessions, provides a measure of 
ire genetic diversity between accessions, and differentiates among acces- 
sions using genetically defined polymorphism, Outcrossing species present 
some difficulties because many genotypes exist within each accession, and 


the genetic description given by the isozyme analysis is ony as good as the 
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sample size, ‘However, such data would often be the only information avail- 
able on variation at the specific loci. Isozyme analysis can and should be 
a part of the characterization procedure performec on each accession of at 
least most species at the Regional Plant Introduction Stations. The 
primary obstacle to implementing such a program appears to be associated 
with the personnel rather than the technique, most of the employees at the 
stations being either administrative or field-oriented, 

The isozyme data can be augmented and, perhaps, eventually replaced by 
techniques exposing the variation present in DNA sequences, However, 
several’ problems need to be resolved before restriction length fragment 
analysis can be conveniently used in general surveys, These include: 

1. Establishment of a reliable protocol for DNA extraction, 

2. Production of a blotting matrix which will not release bound DNA 

during washes, 

3. General availability of plant genomic libraries, 

4%. Development of an alternative to radioactive labeling of probes 

for visualization of single copy DNA. 

In order to perform restriction fragment length analysis one must be 
able to extract high molecular weight DNA from seed or leaf tissue, 
Several excellent procedures for the isolation of DNA from plants have been 
published (Appels and Dvorak, 1982; Saghai-Maroof, et al., 1984), but these 
proceduies do not work for all species of plants, Before restriction 
fragment length analysis can be widely applied in the Said ie's of 
germplasm a simple procedure, or limited set of alternative procedures, for 
the isolation of high molecular weight DNA ae be eeraniianca< 

Much of the time required in DNA analysis involves the extraction , 


restriction, electrophoretic separation and blotting of the DNA, The reuse 


rc a PENNY CN AC SRNR 


TS 


ae “ 


= 
2 
° 
—_ 7 ——— 
~ a eh 


i sr 
a noksrets; wine ele woes tO tation weal = dbs 

dluote bas noe -gleytas weigpene »fOGS adtioess : sat pie 
» ta aolasdoos dose fo Séenp vet ouboresg co deabiegoe 


a“ 
aeqo ld <3 od 2560fo0cs * saeiS ian inode ods hl 


7 . «¢€ a& Sneeqae s65g0s%). & tove 9A iinoue igus of 1 = 


io3d odd ned? wetget & BeT 


1? vs P : ae | « = if] JEGH e* = re Meose 
botnet we-oiel 1 © oviierie fates, seid 
a 
; ie cqadtet one pegaemus, ed Gap S18R Sa 
7 _ 
,% .m ) 4t ct eT ta - > mgd VOLISILEY on?, gn loogee 
: : : > tazet ed 03. been swale 
* , - oy GO! besw [lidelpervso, 68 & 
; 7 
7 iq eldalles.& Jneaial Ie. 
: aS = Sue i Sin Pw2eie BG LS oj4 A 6 not 
. odes. 2a S 
) +it! .pewe Joekg > Yl iidaiiew @ 
ong git fetal oyvidnsc _vebtanwdtl4 da 40 s99eeg¢ 


signe Yo notasiiaus 
eum, <x B NIG a7} AOhininiset swlsag 92 
bose ie i Foateaw asiese los Getd. | ‘ony 

cl ad) wil. eavibe oom. ono LEO 
aoe, ; ; ¥ f o ; t= a esc. | HE r , © ) af Das cra 
S55. f7 504 o 3 168 ' ee ait io #0 2 a6 i dl 30 ') : Ow sen. aw 
ie 

. se ) eas aa: t a rlettv @¢ nas aleyicns A 


—, 


4 onmbevot evitassetic 6 J @ pJlass -. so twhenong, 


. noitoenize aft peeiewol elnyinte §UC wd betke ges salts 


eoyvey £n4 aug wit We agatiaid Wet po steneges aaa, ne 


% , ae ; ae 
~ Nes . "t 
: 2” a . , a 
e oe ; e s od 


ea re A RR At AON A OE cE RE NC eat i Aeterna cnt es loeearapece wt Sotin. eet emanates ate Dt 


a OA Ne eR eh nnn am a AL Std Nae Ca Bena ‘ , une’ 
ee ee nd ae An Shen stpnsenin thes de elk ld me NRRL A RY ON SARTRE RU ty Me ee 


314 


of a Southern blot, once made, would obviously increase the efficiency of 
| the Peery ub’ Currently blotting material exists that can be reused 
several times, but what is needed to make the technique efficient enough 
for germplasm surveys is a material which can be blotted 10 to 20 times 
before being discarded, Such an advance would permit a reasomable charac- 
terization of an accession from only one or two blots, providing that 
3 enough different probes were available to generate 20 or 30 patterns, 

This problem of probe diversity will ultimately be “solved when DNA 
libraries are available for at least one species from the majority of plant 
genera, Many DNA segments are highly conserved and thus the sequence from 
one plant can be used to search for homologous sequences in widely diver- 
gent genomes (Hattori and Johnson, 1985). Many sequences, however, will 
hybridize strongly only with DNA from closely related species, thus dife- 
ferent DNA probes are required for each genus being investigated. A 
sufficient fieern tty of probes is available only for a few of the major 
| crops and a few species particularly useful for molecular genetic studies, 

The final obstacle is a technical one that may be on the verge of 
being overcome, Although 32 p_1abelled probes provide the only demonstrated 
means of visualizing single copy sequences in genonic blots of eukaryotic 
DNA, there are several techniques which may be able to identify single copy 
DNA under ideal conditions and can definitely be used for repetitive DNA 
sequences (Leary et al., 1983; Renz and Kurz, 1984). At present, however, 
this problem appears to be the most crucial of the four, for rortine 
screening with radioactive probes would not be practicable in most 
germplasm facil ities: 


Other technological advances such as the use of computers to 


facilitate the collection and analysis of data, improvements in 
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chromatographic and spectroscopic techniques for screening secondary 
products, adaptations in the use and design of controlled environmental 
chambers, immunological procedures and scanning electron microscopy will 
also find applications in the characterization of germplasm, although the 
extent to which these methodologies will be used still remains uncertain, 


A major constraint for the widespread application of many of these tech- 


niques, particularly in a university setting, is the cost of acquiring the 


| necessary instrumentation, It appears, however, that this constraint will 
lessen with tire as more cost efficient methods are employed in the 
manufacturing of these instruments (e.g., consider the drastic reduction in 
equipment costs in the computer and data processing fields). 

Applications of new technologies to the basic research described 
earlier is limited only by the imagination of the scientist. Much of this 


research will be at the molecular level, attempting to understand why and 


how a plant responds to a particular stimulus, Thus, this research will | 


rely heavily on technologies developed for the fields of biochemistry, 
molecular genetics, and physiology. In contrast, the third high priority 
area, that of meeting today's needs in horticulture, neither requires nor 
can use much of the technology currently available. In general, this 
Situation arises because breeders are assessing traits such as seedling 
vigor, drought tolerance, and yield which are more reliably evaluated by 
direct observation or well established procedures than by any of the more 
advanced technologies, 

In summary, there exists available technology which vould make sig- 
nificant improvements in the evaluation of genetic diversity, in quality 
control practices, and in the generation of new information on how plants 


interact with themselves and the environment, Most of this technology is 
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available at research institutions with close ties to the Plant 
Introduction program, It should, therefore, be relatively easy to incor- 
porate much of the drair ane technology into the germplasm evaluation 
process by increasing the interaction between the primary screening centers 
and the research laboratories. The information produced in all 
laboratories must be reported back to the primary centers which then sun- 
marize and cataloge all data on each accession, 

There is an immediate need for an increased emphasis un the charac= 
terization and evaluation of the accessions currently held at Regional 
Plant Introduction Stations, Not only is such a step necessary before 
breeders can efficiently use the collections but a thorough characteriza- 
tion of the genetic diversity would undoubtedly reveal certain regions of a 
speciest range displaying particularly high levels of genetic variability. 
Such areas should targeted for further sampling before bis spread of civie- 
lization eliminates the native Pir atin these areas, This loss of 
germplasm is occurring particularly rapidly in the tropics. Most tropical 
-"ant species have not even been described, let alone evaluated for their 
chemical constituents or studied in a taxonomic/systematic sense. At 
current rates of destruction, plant biologists may have only 10-20 years in 
which to characterize and evaluate much of tne world's flora for potential 
sources of agricultural, industrial, and medicinal chemicals, Conservation 
of this biological diversity must become high priorities of tke agricul- 
tural and scientific communities if we are to have the natural negdtr det 


available to which these emerging technologies can be applied. 
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INSTITUTIONAL ACTIONS 

Most of the objectives discussed in the previous sections (application 
of currently available technology to germplasm evaluation, stricter demands 
for feedback of data for evaluation studies, and support for basic and 
applied research) can be attacked at the institutional level, Only the 
further development of methodologies, specifically those involved in 
restriction fragment analysis, appears to depend on the talents of in- 
dividual researchers in the field more than any program that could be 
initiated by larger organizations, 

Of the high priority areas mentioned, the one requiring the most help 
immediately is the primary Graraccarieation and evaluation of germplasm as 
carried out at Regional Plant Introduction Stations and other designated 
crop research centers, At present, these facilities are an under-utilized 
resource, for technologies now exist appropriate for implementation at such 
centers which would greatly increase the reliability, efficiency and 
utility of the screening process, Current characterization practices are 
often inadequate because the traits chosen fail to clearly differentiate 
among accessions, only vaguely describe the genetic diversity of the 
Sample, and often provide breeders with little useful information. 
Fingerprinting by isozyme or DNA techniques would establish a reliable 
genetic description for each accession, Although the fingerprint, in 
itself, would not be useful to breeders, it would provide information on 
how much variation existed within the accession and how divergent the 
accession was from breeding stocks already sampled by the breeder, 


° 


Similarly, methods for the analysis -2 certain phytochemicals in various 
taxa have been established and can be used to augment the genetic diversity 


evaluation in many taxa without major commitments of personnel or money. 
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It is important that such screening become incorporated into the prinary 
screening process as soon as possible to give field botanists better infore 
mation concerning the genetic variability within their collections and 
perhaps reveal geographical areas of high or unique diversity. Such areas 
could then become the focus of collecting expeditions before the habitat is 
significantly altered by the activities of man, 

Greater interaction of the P.I. Stations with crop eas oieoae 


mittees, universities, and research centers would help establish improved 


descriptor lists and greater opportunities to evaluate for characters 

requiring equipment or expertise not available at the stations, It should | 

also become mandatory for researchers requesting seed from P. I. Stat one 

to submit a report of their findings. Thus, the dissemination of inforna- 

tion on these accessions would become centralized and presumably more 

efficient, Such an arrangement would also minimize the number of repeti-~ 

tive or overlapping studies being done on the same samples. | ae 
Basic research in plants is currently being adequately funded by the tae 

U.S. Department of Agriculture, National Science Foundation, and several 

private institutions, Although most of this support is not directly in- | 

volved with research on germplasm evaluation, many of the projects will 

provide information useful to the evaluation process, However most of 

these projects are being performed in laboratories that have little inter- 

action with personne] involved in germplasm evaluation, Thus, a mechanism 

for the transfer of information from basic research to germplasm facilities 

would be highly desirable, Perhaps the most convenient solution would be 2 

to eer crop advisory committee memberships to include at least one 


molecular biologist working on the crop, 
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Federal and state funding for applied research is decreasing for most 
crops, and it is questionable whether private industry will ever match the 
Support previously enjoyed by breeders, The current excitement about the 
possibilities of transferring specific genes into plants using recombinant 
DNA technology further undermines the attention aived to conventional 
breeding bractices. Yet, at present, the needs of agriculture cannot be 
met by the new biotechnology, and the tedious but reliable process of 
. identifying practical characters in-exotic lines, and moving the ee 
responsible for such characters into a genetic background more suitable for 


cultivation must be supported. 


SYROPSIS OF RECOMMENDATIONS 


(1) Initiate a 10 year program to complete a detailed evaluation of the 
genetic diversity and potentially useful agronomic characters in cule 
tivated species and their reJatives, The program should be centered 
around the Regional Plant Introductin Stations and other germplasm 
research centers and should have a working budgci of $5 million per 
year, The program would have specific goals similar to the following: 

(a) Provide funding for equipment and personnel to obtain genetic 
fingerprints of most accessions, using either isozyme or DNA 
polymorphisa, 

(b) Increase collaboration between Station personnel and scientists 

7 outside the Plant Introduction system in order to expand the 


expertise available for evaluation germplasm, 
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(c) Generate a detailed file on each accession by requiring users of 
fine lines to report back on their findings, and summarizing this 
information in a computer accessible format, 

(d) Encourage greater involvement of the crop advisory committees and 


breeders in determining which plant characters should be 


evaluated, 


(2) Maintain funding for basic plant research at the current level while 
encouraging interaction between scientists performing such research and 


personnel in the plant introduction progran, 


(3) Encourage greater use of germplasm collections by breeders and other 
plant scientists through a special small grant program with a funding 


limit of $10,000 per year per grant, 
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